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Familiar Manner propoſed and prove 
by evident and concluſive ExperRIMENTS, 
to which are added many uſeful RæMARRõ. 
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Such PLAinNness and Pzrspicuity, that they 
may be underſtood by the UnLzArNeD. 
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A Short ExeLaxnaTion of ſuch Uncommon Terms, | 
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* 4 E have been told by Wri- 
MER ters, fond of drawing the 
= moſt diſcrediting Pictures 
of Human Nature, that the 
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Love of our Country, is an 
imaginary Virtue, rather exiſt- 
ing in the pompous Deſcriptions 
of Poets and Orators, than in 
the real Occurrences of Life. 


THis Aſſertion can be nothing 
leſs than a flagrant Violation of 
Truth and Decency : Since the 


Britiſh People have lately given 
very illuſtrious Proof of their 


publick Spirit, in the Suppreſſion 
of an unnatural Rebellion ; and 
in unanimouſly agreeing to ſhew 
as bright a Specimen of their 
Gratitude, by diſtinguiſhing Vour 
LoRDsH1P, for your Part there- 
in, with the venerable Appella- 
tion of a Britiſh Patriot. 
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Our Countrymen, My Loxp, 
in Deſpite of the Malignity of 
Faction, generally think, that 
publick Fame 1s due to publick 
Services : But have ſeldom paid 
the Complement of their Eſteem, 
with greater Propriety, than when 
they ſaw Your Log DSHIP, ex- 
erting the Spirit of Patriotiſm, 
in its utmoſt Strength; animat- 
ing Multitudes with the Warmth 
of national Affection, and ſup- 
porting the Cauſe of Liberty, 
from ſuch Motives, as raiſe Men 
into Heroes. | 


Ir there be in this Kingdom, 

a Stranger to Your Lok DSHIP's 
private CharaCter, he will con- 
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clude it muſt be Great and Noble, 
from the ACtivity of your Zeal, 
in raiſing a Regiment, at your 
own Expence, from among your 
Friends and Dependents, in De- 
fence of our legal Government, 
and our civil and religious, moſt 
valuable, Rights : For an affec- 
tionate Attention to the true In- 
tereſts of Society, the invariable 
Rule of Your LORDSHIP's Con- 
duct, has fo ſtrict a Connexion 
with the whole Syſtem of human 
Virtues, that none of them, in 
the Compoſition of ſo worthy a 
Patriot, as is Your LoRDsnie, 
can be wanting. 


AT the ſame” Time that I 
preſent You the Third Edition 
of 


DEDICATION. 
of my little Work, I claim the 


Protection of an antient Friend- 
ſhip, for giving You this publick 
Teſtimony of the Veneration, 
wherewith I am, 


Your LoRDSHIP's 
"moſt Obedient, 
and moſt Obliged, | 

Humble Servant, 


fear, 
Dec, 30, 1746. 


Martin Clare. 
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ADVERTISEMENT. 


HE following Sheets are the 
o oY Subſtance of ſome Lectures, 
pPrivately read to a Set of Gen- 
tlemen, who were ſo indulgent, both to the 
Matter and Form, as to encourage their 
Publication, for the Uſe and Advan- 
tage of Thoſe who may have wanted 
Opportunities of inquiring into ſuch 
Natural Cauſes as are the Subject. 
Matter of them ; viz, 


I. HyDROSTATICES, whereby the 
Nature of the groſſer Fluids is explain- 
ed; their Motions on the Principle of 
Gravity aſcertained ; moſt of the Va- 
rieties of which Motions, whether in 
Pipes, Pumps, Syphons, Fire-Engines, 
Jets-d'Eau, or the chief Water-Works 
in Uſe, are both delineated to the Eye, 
and demonſtrated to the Underſtanding, 
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in ſo familiar a Way, that tis hoped 
even the Unlearned may, without great 
Difficulty, comprehend them. To which 
is added the conciſe Way of diſcovering 
the Specific Gravity of Bodies, by 
weighing them in Mater. 


II. PxRUMATIckSs, wherein the chief 
Properties of the Air, its Preſſure and 
Spring, are made appear by Experi- 
ments and undeniable Proofs. Under 
which Head, fhort but clear Sketches of 
Muſcular Motion, the Circulation of 
the Blood, the Proceſs of Digeſtion and 
Nutrition, with ſeueral other curious 
Subjecis relating to the Animal Oeco- 
nomy, /o far as they are at preſent 


underſtood, are occaſionally introduced. 


The Meteorology, or the Cauſe and 
Origin of the Winds, Clouds and 
Storms, generated in the Regions of the 
Air, with the Cauſe and Progreſſion 
of Sounds conveyed to the Ear by Means 
thereof, are alſo endeavoured to be il. 
luſtrated from Reaſon, or are propoſed 
from the beit Authorities. The Infiru- 
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ments alſo for obſerving the Alterations 
in the State of the Air, are herein par- 
ticularly deſcribed, and the Art of Di- 


ving fully explained. ks 
TN doing whereof, Care has been 


talen to be as ſuccinct as was conſiſtent 
with Perſpicuity, and to uſe as few hard 
Words as poſſible : Such uncommon 
Terms however as could not be well 
, avoided in treating on theſe Subjecis, 


are by the ſhort Gloſlary® at the End of 
the Treatiſe, Sufficiently explained. 


T F theſe Sheets do not contain any new 
or notable Diſcoveries in either of the 
Branches of Science propoſed, tis hoped, 
that what has been found out relating 

to them, will appear to be ſo well con- 
need, and diſpoſed in ſo clear a Light, 
ebat the Redder may therein find at 
leaft Matter of Amuſement ; and, by 

perufing them, may not only become a 
rob Fudge of what may be done 
in this Sg * be alſo made acquaint- 
ed with + Manner of performing _ 
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The Artiſt will probably receive ſome 
Benefit from having the Reaſon and 
Principles of many Things he daily ſees 
and does, explained to him in an eaſy and 
familiar Manner. The young Philoſo- 
? © pher may certainly be aſſiſted hereby in 
bi firſt Searches after Truth : Befides 
d which Advantage, his Mind will be bet- 
ter prepared for receiving Lectures in 
b Natural and Experimental Philoſophy; 
'> if which might eafily be introduced into 
f moſt Regular Societies, and ſo become of 
fingular Uſe and Benefit to Mankind. 
That which by Experiment is made the 
Object of our Senſes, is generally found 
to leave deeper Impreſſions on the Mind, 
than Inſtruction in any other Way. 
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4 THE Advantage Things of this 

„ = fort are already of to the World, ap- 

= | pears in the frequent Improvements 

now made in all thoſe Things which ei- 

@ tber ſerve the Intereſts, ſupply the Me- 

"e 8 cefſities, or farther the Convenience of 

Mankind. By Experiments per formed 

with Accuracy and Judgment, tis cer- 
rain 
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tain Arts and Sciences have been more 
advanced within the laſt Century, than 
in ſeveral Ages before. The Hypothe- 
ſes, or rather Philoſophical Romances 
of Antiquity being now exploded, our 
Inquiries into Natural Cauſes are no 
longer biaſs d by conjectural Schemes 
and the Produftions of warm and preg- 
nant Imaginations ; but our Principles 
are built on the ſureſt and moſt rational 
Baſis, that of Experiment and Fact; 
which cannot but be always acceptable to 
thoſe who admire Demonſtration, and 
delight in Truth. 


| 
Nullius in Verba : Experimentis i} ( 
ducor ad conſentiendum. ( 
a__— Reg: Soc. 
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TATICKS in general ſhew the 
Equipoize of Bodies, and their Dif- 
ference in "i of Weight ; and 
mere Staticks make up a Science 
only ſpeculative. 


— 


HypRosrArTicks is that Part of Staticks; 
reſtrain'd to the Weight and Equilibria of Li- 
quid Bodies. Under this Head, not only Ac- 
counts of the Nature and Properties of Fluids in 
general are introduced, and theLaws by which 
they act; but alſo the Art of weighing ſolid 
Bodies in Fluids, in order to diſcover their ſpe- 
cifick Gravities. 


HyDrosTATICKS, as Mr. Boy tx obſerves, is 
a Branch of Natural Philoſophy inferior to pany: 
B | e 


derſul ; fince neither the moſt abſtruſe, or the 
moſt familiar Appearances of Nature can be well 


. tical Principles. He recommends it as an Art, 
Practice; of the higheſt Importance to the Im- 


an incompreſſible Fluid, it is demonſtrated: by 


ſhould move. | 
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He terms it a Science reſulting from Reaſon, and 
affording Diſcoveries no leſs pleaſing than won- 


underſtood or accounted for, without hydrofta- 
not only delightful in Speculation, but uſeful in 


provements in Trade and Navigation; neceſſary 
to ſuch whoſe Buſineſs it is to compare the Mag- 
nitude and Gravities of certain Bodies, as Metals, 
Ores, &c. and with regard to the Raiſing of 
Water, for the Uſes of Life, its Importance is 
beyond Expreſſion. | 


"Or F LUT DIT IV 


Sir Jaac Meuton's Definition of a Fluid 
is, That it is @ Body yielding to any 
Farce impreſs'd, and which hath its 
Parts very eafily mov d one among 

another. | | 


$5 > ee i. 


F T muſt here be remark'd, That this Defi- 
nition ſuppoſes the Motion ſpoken of, pro- 
duced by a partial Preſſure; for in the Cate of 
Dr. Ke 11, that under a total or an equal Pret- 
ſure, twould be impoſſible the yielding Body 


Tur original and conſtituent Parts of Fluids 
are by the Moderns conceived to be, one 
* 1 ( 
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ſmall, ſmooth, hard, and ſpherical: According 
to which Opinion, every Particle is of itſelf a ſo- 
lid, or a fixed Body; and when conſider'd ſingly, 
is no Fluid, but becomes ſo only by being join'd 
with other Particles of the fame kind. 


Tis probable that the Particles of Fluids are 
exceeding ſmall, becauſe their Texture has ne- 
ver yet been diſcover'd by the fineſt Microſcope; 
we judge them to be ſmooth, becauſe they are 
found eafily to glide one over another ; hard and 
impenetrable, becauſe noFluid weare acquainted 
with, the Air excepted, is capable of Compreſ- 
fion ; we conceive them to be ſpherical, that 
they may only touch in ſome Points of their Sur- 
faces; and ſo not only may be the more eaſily 
mov'd, but alſo form Interſtices or Vacancies 
between them, which may be proved, 


Wenk Fluids not compounded of primary 
Particles, form'd as above, but made up of one 
uniform homogeneous Subſtance, without Con- 
ſiſtence, equally denſe ; there would be no Dif- 
ference in their ſpecifick Gravity, and all Fluids 
would be of the ſame Weight, Bulk for Bulk; 


which is contrary to Experience. 


Tu Ar Fluids have Vacuities, will appear up- 
on mixing Salt with Water, a certain Quantity 
whereof will be difloly'd, and thereby imbib'd, 
without enlarging the Dimenſions. A Fluid's 
becoming more buoyant, is a certain Proof that 
its ſpecifick Gravity is encreas'd, and of conſe- 
quence, that many of itsVacuities are thereby filbd; 
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after which it may ſtill receive a certain Quantity 8 
of other diſſoluble Bodies, the Particles whereof i 


are adapted to the Vacancies remaining, with- 
ont adding any thing to its Bulk, though the 


abſolute Weight of the whole Fluid be thereby 


encreas'd. 


Tx1s might be demonſtrated, by weighing 
a Phial of Rain-water critically, with a nice Ba- 
lance: Pour this Water into a Cup, and add 
Salt to it : Refund of the clear Liquor, what 
will again fill the Phial ; an Increaſe of Weight 
will be found under the ſame Dimenſions, from 
a Repletion, as has been faid, of the Vacuities 
of the freſh Water with faline Particles. 


AND as Fluids have Vacuities, or are not per- 
fectly denſe ; tis alſo probable, that they are 
compounded of ſmall Spheres of different Dia- 
meters, whoſe Interſtices may be ſucceſſively 
fill'd with apt Materials for that Purpoſe : And 
the ſmaller theſe Interſtices are, the greater will 
the Gravity of the Fluid always be. 


Fon inſtance : Suppoſe a Barrel be fill'd with 
Bullets in the moſt compact Manner, a great 
many Small-ſhot may afterwards be placed 
in the Interſtices of thoſe Balls; the Vacui- 
ties of the Shot may then be repleniſh's 
with a certain Quantity of Sea-fand ; the Inter- 
ſtices of the Grains of the Sand may again be 
fill'd with Water; and thus may the Weight ot 
the Barrel be greatly augmented, without en- 
creaſing the general Quantity: Now this being 

true 
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true with regard to Solids, is applicable alſo to 
Fluids. For inſtance : River-water will diſſolve a 
certain Quantity of Salt; after which it will receive 
a certain Quantity of Sugar; and after that, a cer- 
tain Quantity of Allom, and perhaps other diſ- 
ſoluble Bodies, and not increaſe its firſt Dimen- 
ſions. 


Was all Space, as the Carteſians affirm, ab- 
ſolutely full of Matter, this Matter muſt either 
be fluid or fix d. Was it fix d, there could poſſibly 
be no Motion therein, as is plain both from Rea- 
ſon and Experience; it muſt therefore be fluid. 
But a Fluid without Vacuities will be denſer, 
conſequently heavier, than all Fluids; and if 
denſer, all Bodies will emerge, and ſwim there- 
in, by hydroſtatical Laws, nor could there be 
ſuch a Thing as Gravity. But as Gravity cannot 
be denied, all Space therefore cannot be fill'd, 
even with a Fluid. 


Tust Gentlemen have two Evaſions to a- 
void the Reſiſtance of their Vortices, or Whirl- 
pools of Subtle Matter; wy the Motion whereof, 
they endeavour to account for the known Phæ- 
nomena or Appearances in Nature. Their ima- 
gin'd Materia Subtilis they aſſert to be a perfect 
Fluid, not incumber'd with the leaſt Clammi- 
nels, Cohefionor Tenacity, and therefore capable 
of no Reſiſtance. To this we reply, that the Re- 
ſtance of the common Fluids (as Sir Isaac 
NEWTON'S Experimentsafter-mention' d, of Bo- 
dies falling in different Mediums, ſhew) ariſes 
from the Inactivity of Matter only, proportion'd 

3 always 
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always to its Denſity, and not at all from the Co- x 
heſion or Tenacity. Take theſe therefore from | 
the CartefianFluid, the Inactivity, or Vis Inertic, 
by no means to be ſuſpended or diverted, will 


remain in Matter ; it cannot therefore be Wied 


out Reſiſtance. And as Mercury, near fourteen 


times denſer than Water, and Water about eiglit 
hundred and fifty times denſer than Air, are ex- 
perimentally found to make proportionable De- 
grees of Reſiſtance; the Fluid juſt mention'd, 

being much denſer than theſe, will no doubt 


proportionably reſiſt. 


Turin ſecond Aſſertion is, That their Fluid 
does not conſiſt of groſs Particles, as others do; 
and ſince, ſay they, the Diminution of the Par- 
ticles of Matter leſſens the Reſiſtance propor- 
tionably, it follows, that their Fluid conſiſting 
of Parts infinitely ſmall, can have no Reſiſtance 
at all. To this we anſwer ; ; That though the 
Diminution of Parts does leſſen the Reſiſtance of 
any ſingle Part, yet is the Reſiſtance of the 
whole not alter'd: For if a Body be divided into 
twenty Parts, which, whencombin'd, will make 
a certain Degree of Reſiſtance ; if theſe be ſub- 
divided into twenty more, the Number of Parts 
will indeed be doubled, each of which will make 
but a fortieth Partof the Reſiſtance of the whole; 
but taken collectively, they will have the ſame 
Reſiſtance, and be of the ſame Weight, as was 
the Body undivided. Nor isan Ounce of Gold 
a whit the leſs ponderous, for being reduced 
into Duſt. | 

ANo- 
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AxoTnrR Miſtake theſe Gentlemen make, 
is in their Definition of a Fluid, which they 
take to be a Body in continual Motion: Urging 
in Support thereof, that all Bodies have a Ten- 
dency to Conſiſtency or Fixation; but that 
Fluids, by the Motion of their Parts, are kept 
ſeparate : And to this Motion they attribute 
their making leſs Reſiſtance than fix'd Bodies, 


In Anſwer to which, it may be doubted whe- 
ther all Fluids have a Tendency to be conſiſtent. 
Metals indeed, Wax, Butter, and Bodies of like 
Texture, artificial Fluids only, which are by 
Fire brought into a State of Fuſion, and are to 
be continued flux'd by a certain Degree of Heat, 
have a Tendency to be conſiſtent, from the par- 
ticular Diſpoſition of their Parts : But there may 
be natural Fluids, ſuch as Mercury, for inſtance, 
or Air, which have no ſuch Property. 


AND as to the Reſiſtance of Fluids being the 
leſs, on account of the continual Motion of their 
Parts, it ought to be conſider'd, that a Body in 
Motion will not reſiſt leſs than a Body at Reſt. 
For, ſuppoſe a Body moving in a Fluid: Thoſe 
Parts of the Fluid, which move the fame Way 
with the Body, will indeed give leſs Reſiſtance; 
but then thoſe moving in a contrary Direction, 
will reſiſt the more. And to imagine that an 
equal Number of Parts can conſtantly keep mo- 
ving this way, and an equal Number that, is both 
ridiculous and abſurd. . Beſides, ſhould it be 


granted, that the Particles of a Fluid may be 
B 4 once 
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once put in Motion, yet cannot they continue 
ſo: Bor tis certain, that if we take two Bo- 
dies, both moving the fame Way, with different 
Celerities, if A overtakes and ſtrikes , by the 
demonſtrable laws of Nature and of Motion, A, 
by ſuch a Congreſs, muſt loſe as much Mation 
as B acquires ; and ſhould A meet B, in a con- 
trary Direction, with equal Velocity, being alſo 
equal in Weight, they will both ſtop. Wherever 
Reſiſtance is, Motion is always loſt ; there can 
therefore be no continual Motion 1 in F luids. 


Ir is moreover contrary to Obſervation: For 
Motion in Fluids of equaſ Denſity, whoſe Parts 
areevery where therefore ſubjecttoequal Degrees 
of Preſſure, is generally owing to ſome Agency 
applied, which being withdrawn, the Effect alſo 
ceaſes; as, from Water boiling, take the Fire, 
the Motion is no more. Fermentations, which 
occaſion inteſtine Motions in Fluids, are only 
accidental; ſo that their Fluidity cannot be ow- 
ing to any continued Motion of their Parts. 
Nor does Fluidity ſeem ſo much to conſiſt in a 
conſtant and actual Motion of Parts, as in a 
conſtant and actual Mobility, or a Diſpoſition 
to be eaſily mov'd. 


Tur more perfect a Fluid is, the more eaſily 
will it yield to all Impreſſions; and the more ca- 
ſily will the Parts unite and coaleſce, when ſe- 
parated. A perfect Fluid is that, whoſe Parts 
are put into Motion by the 46a Force i imagin- 
able: An imperfect one is that, whoſe Parts yield 
to a ſmall Force, not the 2 Tis probable, 

chat 
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that in Nature there is no perfect Fluid; fiance 


we ſee that the mutual Attraction of the Parts 
of all the Fluids, ſubject to our Experiments, 
renders them coheſive in ſome Degree; and the 
more they cling together, the leſs perfect their 
Fluidity is. If, for inſtance, a Glaſs be fall'd 
with Water above the Brim, it will viſibly riſe 
to a convex Surface, which, was it a perfect 
Fluid, free from either Tenacity or Coheſion, 
would be impoſſible. 


MERCURY, the moſt perfect Fluid we know, 
is not exempt from this Attraction; for. ſhould 
the Bottom of a flat Glaſs, having a gentle riſing 
towardthe Middle, be covered thin with Quick- 
filver, a little Motion of the Machine will cauſe 
the Fluid ſoon to ſeparate from the Middle, and 
lie round it like a Ring, having Edges of a 
conſiderable Thickneſs. 


Bur if a like Quantity thereof be poured in- 
to a golden Cup, it will, on the contrary, appear 
higher conſiderably on the Sides than in the 
Middle. Which may proceed in part, perhaps, 
from the Gold's being of great Denſity, and. 
therefore capable of exerting thereon a greater 
Degree of Attraction than ather Metals. Pro- 
bably too it may happen from its having Pores 
of an apter Diſpoſition and Magnitude to receive 
the minute Mercurial Particles, than thoſe of 
Iron, and ſome other Metals; and therefore the 
Attraction of Coheſion in this Experiment may 
obtain alſo: And eyery one knows how eaſily 
theſe two Bodies incorporate, and makea _ 

Amat- 
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Amalgama. But the Reaſon commonly given 
for the two laſt Phænomena is, that Mercury, 
in the firſt Caſe, attracts itſelf more than it does 
Glaſs; and, in the laſt Caſe, Mercury attraQ 8 
Gold more than it does itſelf, | 


Ovr Sir Isaac NEwToN was no doubt a | 
Prima-materialift, and held all Matter to be ori- 
ginally homogeneous; and that from the different 
Modifications and Texture of it alone, all Bodies 
receive their various Structure, Compoſition and 
Form. In his Definition of a Fluid, he ſeems 
to imply, that he thought Fluids to be compoſed 
of primary Solids; and, in the Beginning of his 
Principia, he ſpeaks of Sand and Powders as 


of imperfect Fluids. 


BoRELL1 has demonſtrated, that the conſti- 
tuent Parts of Fluids are not fluid, but conſiſtent 
Bodies ; and that the Elements of all Bodies arc 
perfectly firm and hard. The Incompreſſibility 
of Water, proved by the Florentine Experiment, 
is 'a ſufficient Evidence alſo, that each primary 
Particle or Spherule thereof is a perfect and im- 
penetrable Solid. Mr. Locks too, in his Eſſay 
on Human Under/tanding, admits this to be ſo. 


Tris famous Experiment was firſt attempted 
by the great Lord VERULAam, who incloſed 2 
Quantity of Water in Lead, and found that it 
inclin'drather to make its way through the Pores 
of the Metal, than be reduced into leſs Com- 
paſs by any Force that could be applied. The 
Academicks of Florence made this . 
p er- 
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afterwards more accurately with a Globe of Sil- 
ver, as being a Metal leſs yielding and ductile 


than Gold. This being fill'd with Water, and 


well cloſed, they found, by hammering gently 
thereon, that the Sphericity of the Globe was 
altered to a leſs capacious Figure (as might geo- 
metrically be proved) but a Part of the Water al- 
ways like Dew came through its Sides, before 
this could be obtained. This has been attempted 
by Sir Isa Ac NEwToN, and ſo many competent 
Judges, on Gold and ſeveral other Metals ſince, 
with equal Succeſs, that we do not hold any 
Fluid in its natural State, except the Air, to be 
either compreſſible or elaſtic. | 


The HyprosTATICAL PRINCIPLES 


demonſtrated. 


LTpoven the Original, the Conſtituent 
Parts of Fluids, may be very probably of 

the ſame Nature with thoſe which conſtitute 
other Bodies, and eſſentially have the ſame Pro- 
perties as they ; yetinexternal FormsandCircum- 
ſtance, we ſee they often differ: Since fluid Sub- 
ſtances frequently become confiſtent ; as Water 
is changed into Ice; the Sap and Juice taken in 
by the Fibres of the Root, into the woody Parts 
of Trees, &c, and melted Metals, &c. afford In- 
ſtances, that fixed Bodies may, in the like man- 


ner, be made fluid. In one Circumſtance how- 
ever all material Subſtances, on which Experi- 

ments have been made, do certainly agree, via. 
they conſiſt of Particles that have Weight; and 


whatever 
* 
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whatever be the Form, Texture or Diſpoſition 
of their Parts, their Gravity is always propor- 
tionable to the Quantity of Matter they ſeveral- 
ly contain. This is an univerſal Property, of 
which Matter is not to be deprived; and if in 
ſome Fluids, that Gravity does not immedliate- 
ly _ to Senſe, 'tis becauſe the lower Parts, 
by ſuſtaining and buoying up the upper, hinder 
their Deſcent : Nor will it tollow, that becauſe 
this Gravity is not immediately perceptible by 
us, that therefore the Parts of Fluids are really 
without Weight. 


NoTrinG is leſs felt, perhaps, than the 
Weight of the Air ; but yet, if we exhauſt the 
Air from a Veſſel, poiſe it at the Arm of a fine 
Balance, and let the Air into it again, we ſhall 
find that Air does gravitate, even in the Air ; 
and that the Axiom of the Schools, viz. That 
Elements do not gravitate in their proper Places, 
that is, in the. ſame Elements, is abſolutely a 


- In like manner it may be ſhewn, that Wa- 
ter gravitates in Water. Take a Glaſs Bubble, 
and ſo poiſe it with Shot till the upper Part ſhell 
ſwim juſt level with the Surface of a Jar of Wa- 
ter; hook it on a Horſe-hair, fixed to a Balance- 
Ream, on which it will then lay no Weight ; 
fill it with Water, and a conſiderable Difference 
of Weight will appear, viz. that between the 
Weight of the Airextruded, and that of the Water 
admitted: All which may ſerve to confirm our 
eee need, 
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all Parts of a groſs Fluid, as Water, &c. what- 


ever be their Situation, Circumſtance or Poſition, 
gravitate, and are heavy. 


AND ſince all Fluids have Weight, there is no 
room to doubt, but that their upper Parts con- 
tinually gravitate and preſs upon to lower; the 
Preſſure whereof is always in direct Proportion 
to the incumbent Matter, or to the Quantity 
of the Liquor above the Parts propos'd. The 
deeper therefore a Fluid is, the greater 1s its 
Preſſure ; not only on the Bottom of the Veſſel, 


. but alſo on the Parts of the intermediate Fluid: 


Which is our ſecond hydroſtatick Principle, of 
itſelf ſufficiently evident, 


Now allQuantities of aFluid may be properly 
conſider'd as divided into many other interme- 
diate imaginary Surfaces, lying parallel to the * 
per and nether Surface thereof, and level with the 
Horizon. For example; take a long Glaſs full of 
Water, as Eg. 1. Plate 1. which, for the Sake of 
Illuſtration, may be divided by Threads at equal 
Diſtances; call the firſt Diviſion, A; the ſecond, 
B; the third, C; and ſo on. Suppoſe each Di- 
viſion contains an Ounce of Water, the Surface 
then at B, will be prefs'd by one Ounce; that at 
C, will ſupport two; that at D, three Ounces; 
and the Bottom will lie under the Weight of 
four Ounces of Water. 


Now, whenever a Fluid is of the ſame kind, 
and incompreſſible, it will be of equal Denſity 
in all its Parts, which will all therefore continue 

at 
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at reſt, each being as low as of itſelf it can be: 


Since tis certain, that an Impulſe of one Ounce | 1 
in A, cannot of itſelf deſcend and diſplace two 
in B; nor can two in B, overcome three in C; 


nor thoſe thruſt away four in D. 


AND as a Quantity of Water, hydroſtatically 
conſider d, may be diſtinguiſh'd by imaginary 
Surfaces, parallel to the Horizon; it may be alſo 
conceiv d, divided into imaginary Columns, per- 

ndicular or vertical to it, in manner reſembling 
a Bundle of Reeds. Theſe being all of the ſame 
Height and Weight, will equally preſs in every 


Part each of the imaginary fluid Surfaces be- 


forementioned, and cauſe them, no leſs than 
the upper Surface, to lie level with, and paral- 
lel to the Horizon. And conſequently, if a Bo- 
dy, of the ſame ſpecihck Weight with a Fluid, 


be therein immers'd, twill remain in any Part 


thereof indifferently, and keep its Place, where- 
ever tis put. 


To illuſtrate this, let us ſuppoſe a Cubick 
Inch of any Matter, of the ſame ſpecifick Gra- 
vity with Water, put, for Example, nine Inches 
under the Surface; the imaginary Surface im- 
mediately beneath it, will be preſs'd with nine 
Inches of Water, and an Inch of a Body ſpeci- 
fically of the ſame Weight with Water: But 
every other Part of that Surface, the ſame in 
Depth, ſuſtains the Preſſure of ten Inches of 
Water; therefore the ſaid Inch of ſolid Mat- 
ter will there lie at reſt, and neither ſink or 


a 
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To demonſtrate this by Experiment, we may 
charge a Glaſs Bubble, made of Matter ſpecifi- 
WF cally heavier than Water, partly with Air, and 
„partly with Water, that it may become equal in 
Weight to a like Bulk of Water with itſelf. If 
chat be done, 'twill lie indifferently, either at 
Top, in the Middle, or at Bottom of a Jar of 
= that Fluid, wherever it is put. And thus may 
„ our third hydroſtatical Principle be proved ; 
namely, That in homogeneous Fluids, that is 
unmix'd, or of the ſame kind, all Parts are 
> Wl naturally in a State of Reft. \ 


T. Oun fourth Principle is, That the lateral ar 
fide Preſſure of a Fluid is equal ta the perpendi- 

cular, For as the Preſſure of a Fluid againft the 
Bottom of a Veſſel, is - proportion'd to the 
Height of the Fluid in that Veſſel; ſo is the 
d, Preſſure of a Fluid, againſt every Side of a Veſ- 
ſel, in a hke Proportion to the Height of the 
Cn Fluid, above the Part conſider'd. 


To illuſtrate this, let a cylindric Veſſel be 
ck ſuppos'd fill'd with an incompreſſible Fluid, 
a IF having no Gravity, and this be forced down 
5 WF with a proper Piſton, the Fluid would endea- 
N- IF vour to ſpread; but being confin'd by the 
ne Sides, could not. The Bearing, in this Caſe, 
cl- IF againſt all Parts of the Veſſel, muſt be. juſtly 
ut equal to that Force wherewith the Piſton 1s 
in driven. Suppoſe then Gravity reſtor d to the 
of Fluid, and the foremention'd Preſſure continu d, 
the nether Parts will then ſuſtain a greater addi- 
tional Preſſure than the upper, from the Gra- 
vity reſtor d; and that in Proportion to the 

Height 
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Sides of a containing Veſſel, might alſo appear, 
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Height of the Fluid above the Part aſſign'd, a0. 
cording to our ſecond Principle fore- mentioned. 
f 
Tunis Propoſition may be tolerably well de. 

monſtrated by a Veſſel, having a Hole of a cer. 1 
tain Bigneſs in the Bottom, and another of the ; 
fame Dimenſions as near the Bottom as may be, 
fill'd with Water to any Height; let the Plug 
be pull'd out and put in both at the ſame time, 
and if, upon Compariſon, equal Quantities of 
Water nearly ſhall have been yielded by them, 
'twill ſhew the Force wherewith it iſſued to bel 
alſo equal, and ſufficiently confirm our fourth} 
Principle in Hydroſtaticks, viz. That, at all 

Depths, the lateral Preſſure of a Fluid is equal 
to the perpendicular. | 


LIED . 
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Tux equal Preſſure of Fluids againſt all the 


by freely ſuſpending a deep Veſſel of Water, not 
over-heavy, by a String, hanging a Plumb-line 
alſo at Liberty, parallel, near it: Upon making 
a Hole in the Side, the Veſſel, which, before 
ſuch Opening was made, had a perpendicular 
Direction, will then recede- from it; the lateral 
Preflure of the contained Fluid being, on the 
Side of the Opening, diminiſh'd. 


Tur Riſing of a Rocket in the Air is alſo 
eccaſion'd by a like Inequality of Preſſure. The 
Gunpowder being ſet on Fire, turns to a very 
elaſtic Vapour, whoſe Parts endeavour to recede 
from each other equally every way. As the Caſe 
is ſtrong and cloſe ſhut above, and only open 
where the Flame iſſues below, it is leſs preſs'd a 
great 
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preat deal by the Air without it, than by the Rapi- 
dity of the Flame, bearing againſt the Sides and 
Top of the Rocket within ; which Difference of 
preſſure has ſometimes carried a well-made 
Rocket, of no more than two Ounces in Weight, 
four hundred Yards high, with as much Thread 
veer d out at the Tail as determin'd the Quantity 
of its Riſe. For the ſame Reaſon, inthe Diſcharge 
of a Cannon the Force of the Powder acting a- 
gainſt the Breech of the heavy Gun, and not 
being counterpois'd by an adequate Preſſure 
forwards, ſends out the Ball, with a precipitate 
Velocity: And if the Charge of Powder be over- 
great, or the Piece not truly bored, it then com- 
monly recoils, upon the ſame Account. 


Ix Fluids at reſt, each imaginary Surface is 
every where equally preſs d; and whenever it 
happens ocherviſe, the imaginary Surfaces moſt 
preſs'd, will give way and retire, and thoſe leſs 
preſs'd will be forced upwards and riſe. The 
finking of a Stone in Water, is an Evidence of 
the one; and the ſwimming of a Cork, an In- 
ſtance of the other. 


Bur to demonſtrate this Matter plainer: Take 

a Tube of Glaſs, an Inch or more in Diame- 
ter; tie a phant Bladder looſely over the End, 
and put it down any Depth in a Jar of Water. 
So long as the imaginary Surface of the Water, 
at the End of the Tube, is leſs preſs'd by 
the Air within, than it is elſewhere by 
the Atmoſphere, and a Column of Water of 
equal Length with the immers'd Part of the 
C Tube, 


Water in the Jar; or lower t 
included and external Water may be in the 


| Bladder will appear level; but ſhould the Fluid 


than in any other Part, the Bladder will bag | * 


down, and become convex without. 


will be preſs'd by collateral fluid Columns, all 
Pipe be unſtopped, the Air, which on Immer-t 


till it is of a juſt Level with the reſt of the Water 


18 The Motion of Flips, 
Tube, the yielding Bladder will be puſhed up- 


wards, and become convex within. Let Wa- 
ter then be poured into the Tube, to the ſame 
Height and Level with the upper Surface of the 

e Tube ſo that the 


fame Level, the imaginary Surface before-ſaid 
being then equally preſs'd in every Part, the 


in the Tube be raiſed above the upper Surface| 
of the Water in the Jar, the imaginary Surface 
beneath the Tube, being there harder preſs'd} 


Oxcx more: Take a Glaſs Tube, and ſuſpend} 
in it a ſmall Quantity of coloured Water, that the Wet 
Effect may be more viſible; which may be done, 
provided the Bore be not over-large, by ſtopping 
the upper End with the Finger. The Machine, i 
ſo charged, immerſe to any Depth in a Veſſel of. 
clear Water. The nether End of the Tube will 
then reach to, and reſt on an imaginary Sur- 
face, by which 'twill be preſs'd upward with a 
Force juſt equal to the Weight of the ſmall 
Pillar of Water thereby thruſt away and dif- 
placed; but every other part of that Surface 


of equal Weight and Altitude. If then the 


ſion of the Tube repreſsd and kept the water out, s 
will be expell'd ; and the Water, being the fer 
weightier Fluid, will puſh into, and riſe in the Tube iy 


5 1 
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P- nthe Veſſel. And again, if this Water be there- 
.in retain'd, ſtopping it as before, on bringing 
ne the lower Orifice of the Pipe near the upper 
he BY Surface of the Water in the Jar, the Fluid will, 


when the Tube is unſtopped, immediately ſub- 
he = fide, and become of the ſame Level with the 
110 Water in the Veſſel : Which will prove, Fifthly, 
he Wl That if any, Part of a Pluid be more preſs'd 


aid = than another, the heavier will fink till the Equi- 
act Bl porſe be reſtored. As the former Experiment 
ace ¶evinced, That the kghter Parts of a Fluid, or 
8d thoſe leſs preſt d, will riſe till an Equilibrium ts 


dag obtained, if nothing obſtruct. 


lr may at the ſame time be farther demon- 
ſtrated, that the lateral Preſſure of Fluids, and 
the perpendicular both upwards and downs 
wards, are alſo in a direct Proportion to their 
WHeights, by Tubes bent to favour that Inten- 

ion; as in Fig. 2. Plate 1. A, B, C, D: 
And the Effect produced will on Eperiment 

de the ſame in all, proceeding from a like Cauſe, 
18. the equal Gravitation of homogeneous 
luids, which exerts itſelf every way, and every 
ay equally. 


di- 

face Tris may be farther demonſtrated, by co- 
, al Bering with a wet Leather a ſmooth Weight of 
1 the Lead of any regular Thickneſs, as B, Fig. z. 


Plate 1. made to fit the Mouth of a large Tube, 


rout, Ws A; to which, at its firſt Immerſion, let it be 

the ſept ſo cloſe as to admit no Water, by a String. 

75 y the time it is about twelve times its own 
atet 


Depth under Water, it may be let go, and the 
C 2 Puſh 
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Puſh of the Water upwards will ſupport it. If ö 
it be put lower, it will adhere more ſtrongly; 
and if ſhallower, it will, for want of a due 


Counterpoiſe, fall away. 
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AND as Bodies heavier than Fluids may be 
thus made to ſwim; ſo may Bodies lighter than 
Fluids be retained at any Depth in them, pro- 
vided they cannot inſinuate, and get beneath, to 


force them up. For inſtance; a round Trencher 
will remain at Bottom of a Pail of Water, equal 
to itſelf in Diameter, if it be ſo well fitted as that 


without ſticking no Water can get under it. 
And a flat Glaſs, with only a Drop of Oil or 
other Liquor between, will remain at the Bot- 
tom of a Jar of Mercury, if the Bottom be flat 
alſo, tho” the Glaſs be fix times lighter than that 


ne  gn__..  W.- 


| 

| Fluid, Bulk for Bulk. The Oil, Sc. put be- 
tween the Glaſs Planes, is only intended to fil 

| Irregularities and Vacuities ; for which, were 

1 they exact Planes, there would be no occaſion. 

1 

| . Ov general Conſequence of our Principles 
64 thus prov'd is, That Fluids will always riſe uf .. 
ih their own Level, or endeavour ſo to do. This is l 
I what the Antients were ignorant of; and there- fe 
. fore they uſually built Aqueducts (vaſt Row: Þ 
1 of Arches one above another, between two Hills V 
It at a vaſt Expence of Money, Time and Labour) © 
it] in order to convey Water over them, croſs the te 
| Valley, in a common Channel. This is now th 
| done to equal advantage, and at much leſs Ex- 

i pence, by a range of Pipes laid down' one. Hil 

it and up the other. ONT oY 


AN 
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AN Inſtance whereof may be given by a bent 
Tube, a Crane or Syphon; into one of the equal 
Legs whereof if Water be poured, it will riſe to 
the ſame Level exactly in the other. The Reaſon 
is obvious: In the Leg A, Fig. 4. Plate 1. there 
are ſuppoſe two Qunces of Water endeavouring by 
the Power of Gravity to deſcend with the Force 
of 2 ; theſe will thruſt forward, buoy up, and ſup- 
port an equal Quantity of a like Fluid in B; and 
the Bottom of the Machine C, againſt which 
both Sides equally «bear, will of conſequence 
ſuſtain a double Preflure, or that of four Qunces ; 
and in the preſent Caſe will pretty well repreſent 
the Prop or fix'd Point of a Balance-beam ; as 
the equal fluid Columns 4 C, and B C, may be 
admitted to denote equal Weights, ſuſpended on 
the Balance-arms, counterpoiſing each other. So 
that the Riſe of Fluids to their firſt Level, thus 
confider'd, is a Caſe truly Statical ; and all their 
other Motions proceed only from Weight added. 


Tux Preſſure of Fluids is in Proportion to 
their perpendicular Heights only, and not accord- 
ing to their Quantity. For inſtance: There can 
lie no greater a Preſſure againſt the Dikes that 
fence out the Sea in Holland, or againſt the 
Banks of the Thames or the Danube, in calm 
Weather, than there does againſt the Sides of 
any Veſſel fill'd to an equal Depth with the Wa- 
ter juſt mentioned; reſpect being only had to 


the Quantity of the Surface ſo preſſed. 


To demonſtrate this; Take a Glaſs Veſſel A, 
of the ſame Bigneſs, or cylindrical from Top to 
Bottom, Fig. 5, Plate 1. toward the lower Part 

C 3 whereof 
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whereof let a Glaſs Pipe be fix'd, which, by 
Help of the Joint F, will be capable of any De- 
gree of Elevation, Suppoſing the Diameter of | 
the Tube but the hundredth Part of the Diame- 
ter of the Jar (the Capacities of Citcles being in 
Proportion to each other as the Squares of their | 
Diameters) the Fluid in the Pipe will be but a 
ten thouſandth Part the Quantity of that in the 
ar wherewith it communicates; and yet, if the 
ar- be filled to any Height, the Altitude of the 
ater in the Pipe, whether erect or inclined, | 
icularly taken, will be exactly in the 

ſame Level with that in the Jar, and always lie 
in the Line C D. Whence tis evident, that | 
ſmall Quantity of a Fluid, provided it be equal 


in Height, is able in certain Circumſtances to 
counter balance any Quantity of the ſame Fluid; 
and the Reaſon is this : 


Tux Bore of the Pipe of Communication is 
of a certain Bigneſs, we will ſuppoſe the tenth 
of an Inch in Diameter; by the Structure of the 
Machine there can at the ſame Time preſs no 
more of the 3823 againſt the Orifice there- 
of, than one Pillar equal in Height and Dimen- 
ſions to the Pipe; and it was before demonſtra- 
ted, that ſuch a Pillar will drive forward, and in 
the ſame Level ſuſtain a Pillar of Water equal in 
Weight and Size to itſelf : Which is the Caſe 
before us exactly. And did the Tube commu- 
nicate with the main Ocean, the Effect would 
be ſtill the ſame, 


SHOULD 
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SHouULD we however fill a hundred Inches 
of our Pipe with Water, and by a Cock or other 
Contrivance admit it ſingly into the Jar, 'twill 
raiſe the Fluid therein only one tenth of an Inch, 
and this ten times repeated will raiſe it only an 
Inch. Whereas on the contrary, ſhould we, by 
thruſting a Piſton or a tight Cork into the Ju, 


+ depreſs the Body of the Fluid therein contain'd 


but the hundredth Part of an Inch, the Water 
would thereby be forced into the communicating 
Tube to the Height of ten Inches ; and by a 
ſtill greater Preſſure, ſhould it be ſunk in the 
Jar a tenth of an Inch, 'twould riſe a hundred 
Inches in the Tube. Whence it appears, that 
this is alſo a caſe nicely Statical, reſembling the 
Effect produced by the Steelyard ; on which 
Machine if one Pound be hung at the diſtance 
of a hundred Inches from the Faloninh or Prop, 
it will counter-balance and to a Level raiſe a 
hundred Pounds, at the diſtance of but one 
Inch ; and juſt the contrary. For to make the 
larger Weight by its Riſe or Fall to move an 
Inch, the other muſt traverſe the ſpace of an hun- 
dred Inches; the Velocities of the Weights 
being always reciprocally 5 to the 
Quantities of Matter in them ſeverally contain- 
ed. Whence it in general follows, that the 
Preſſure of Fluids is always truly eſtimated, 
when the Perpendicular Height of the Fluid is 
multiplied into the Area of the Surface it bears 
or preſſes upon, whether laterally or perpendi- 

cularly confider'd. - 


C 4 The 
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The HyDROSTATICal PARA DOx. 


Due Conſideration of the laſt- mentioned 
Caſe gave Birth to the Hydroftatical Pa- 
radbx; whereby tis aſſerted, That firce all Fluids, 
preſs according to their perpendicular Alti- 
tudes, and not accerding to the Bulk or Quanti- || 
ty of their Matter, the Preſſure of a contained | 
Fluid againſt the Bottom and Sides of the con- | 
taining Veſſel will always be proportionable to 
the Height thereof, whatever Form it be ; and 
the ſame as if it was really of the fame Bigneſs 
from Bottom to Top. To explain which, take a 
Cylinder of a certain Baſe, that will hold per- 
haps a Pint; as A, Fg. 6. Plate 1. This Veſ- 
ſel being fill'd, the Bottom will be allow'd to 
ſuſtain the whole Weight of the Fluid therein 
contained; Gravity always acting in a right Line, 
and perpendicularly. Again, take another Veſſel 
of equal Height and Baſe with the former, partly 
cylindrical, and partly flanch'd out into a Portion 
| of an inverted Cone, as B; this Veſſel ſuppoſe will 
| hold a Quart. Then take a third Veſſel of equal 
Baſe, but cylindrical thereon only half way; to 
make it however of equal Height with the other 
two, let a ſmall Pipe be ſoder'd into the Lid, as 
C: let this Veſſel contain in the whole but half a 
Pint. If theſe be ſeverally filled with a Fluid 
of the ſame kind, we ſay that the Bottoms and 
Sides of each of theſe ſhall be preſſed thereby MW i 
alike ; and beginning with the ſecond, we prove t 
it thus. g 5 


-——- 
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As all homogeneous Fluids, or thoſe of equal 
Denſity, are proved by our third Principle to be 
naturally every where at reſt, was the Tin-work 
of the cylindrical Part of our Veſſel B continued 
through the conical Part thereof to the Top, 
according to the prick'd Lines in the Draught, 
the Fluid thereby encloſed would be juſt in the 
{ime Citcumſtances of that in the Veſſel A, and 
then the Side-water, contained in the conical 
Part, would bear againſt our Cylinder, ſuppoſed 
continued to the Top, as if the Water — 
was frozen on the one Hand, and the Tin Sides 
of our conical Part on the other, according to the 
Height of the Fluid between them contained. 
Imagine then the Continuation of our Cylinder 
removed, or the Water frozen therein to thaw; 


the Prefſure of the Side-water would then lie 


againſt the fluid Cylinder itſelf, Whieh being in 
allParts of equal Weight and Moment or Force 
with itſelf, will be thereby ſuſtained quietand mo- 
tionleſs in its proper Place. And twill be ſup- 
ported on the other Side, in like manner 
the ſloping Sides of the Veſſel, which being ri- 
gid, will ſuſtain the Quantity of the Preſſure 
made perpendicularly thereon: Nor would the 
Weight on the Bottom, or the Puſh againſt the 
fix'd cylindric Sides of this Veſſel within, be at 
all encreaſed by the Alteration propoſed. 


IT muſt however be admitted, that as there 
is double the Quantity of Matter, by Suppoſi- 
tion, contained in a Veſſel of this Form, that was 


in the cylindrical Veſſel A, theabſolute ——_— 


* 


26 The Motion of FLuips, 
the whole together will be proportionable there. 3 


—_ _—— 


7 4 


to. But then it muſt be conſidered, that this 


Increaſe of Weight and Preſſure affects only the 
ſhelving Sides of the Veilcl B; and as theſe by 


their Diſpoſition become an inclined Plane, they 


are doubtleſs made to bear the Difference of | 
Weight propoſed, which muſt be thence com- | 


municated to, and ſupported by the upright Sides 
of the cylindric Part of B, whereon they reſt: 
But on the Area of the internal Baſe of H, and 


againſt the Sides of the Cylinder within, as has 


been faid, no more Weight is laid than barely 
what is anſwerable to the perpendicular Height | 


of the Fluid above them, 


LET us next conſider how a like Preſſuro 
may be made on the Bottom and Sides of the 
Veſſel C, containing but half of the Fluid in 4, 
and but a fourth Part of that of B. Suppoſing 
the Parts of a Fluid, as doubtleſs they are, glo- 
bular, the Particles of the Water will be well 
repreſented, by the Draught, Fig. 7. Plate 1, 
1 tis certain, that the central Column 4 B 
preſſes, according to our fourth Principle, not 
only perpendicularly upwards and downwards, 
but laterally alſo, and in every Direction alike ; 
and conſequently all the Rows of Particles lying 
next the Bottom of the Veſſel, muſt be all im- 
pell'd thereby equally toward the Sides. 


To prevent Confuſion; let us diſtinctly con- 
ſider the Effect of this Preſſure on one ſingle 


Rank of theſe Particles, which may be applied 
in like manner to the reſt. The lower Parti- 


cles then of the Column A B gravitate on thoſe 
| adje- 
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adjacent, and thruſt them, for example, from B 
towards C. At C, finding themſelves confin'd, 
their Effort will not there ceaſe, but be tranſ- 
ferr'd, and made to preſs upward toward D, 
againſt which Part of the Lid a Puſh will be 


made, juſt equal to the Difference of the Preſ- 


ſure of the two Columns conſider'd, viz. A B 
and CD; the firſt of which gravitates with the 
Force of 2, being ſuppoſed twice the Height of 
CD; which t irate ——.— but with the 
Weight of 1. The Impulſes being yet unequal, 
will not ſtop here; but the Particles will be 
thereby laterally puſhed from D towards E, 
where meeting with others in the ſame Level of 
equal Force and Moment with themſelves, will, 


being there equipoiſed, remain at reſt. 


Tux Gravity then of the Particles contained 
in the central fluid Column AB, acting againſt 
the Lid of the Cylinder in every Part, and the 
Lid reacting in like Manner againſt the whole 
Body of the Fluid below, as great a Preflure is 
thereon laid as if the Cylinder had been conti- 
nued to the Top of the Pipe, and thereby fill'd. 


On pouring Water into one Leg of the 8y- 
phon, it will riſe, we know, to the ſame Level 
in the other. This may be applied here, by 
ſuppoſing a Pipe as high as the Neck fix'd in 
ſome Part of the Lid of our Cylinder, as at D. 
On Opening the Plate in that Place, as much 
of the Fluid will be preſſed up immedia 
therein, as will bring it to a juſt Level wit 
that remaining in the Neck; which being again 

: I'C- 
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repleniſhed, the other will alſo be filled. Whence 2 
"twill be evident, that before the ſaid Opening 
was made, the Preſſure beneath the Cover of 
the Cylinder in that particular Point, was equal 
to the general Preſſure by the middle Column 
laid on every Part of the Surface of the Fluid in 
the ſame Plane, that is, in the Level of the 
Lid. There is therefore Reaſon to believe, that 
was the Lid ſet entirely full of ſuch Pipes, the 
Fluid in the Neck of the Machine would de- 
ſcend in like manner, and fill each of them 
equally to a certain Degree: This, in effect, 
would be raiſing the Lid. And ſhould the Neck 
be ſevetal times thus ſucceſſively repleniſhed, it 
would by degrees fill them all; which is much 
the ſame thing as compleating che Cylinder, and 
alias it up. 


4 angle Pint of Water — way chen be ſo 
diſpbſed as to be of equal Force and Preſſure 
withfome Gallons; and this the following Expe- 
rimem will put paſt all Doubt. 2 


rr 2 8 


Tur ſmall Quantity of Water in | the Tube 
B, Fig. 5. Plate 1. is, we know, in that Situa- 
tion, a Counterpoiſe to ten thouſand times the 
ſame Quantity in the Jar. This may alſo be 
applied to the ſolving our Hydroſtatical Paradox. 
Let us ſtop up the Mouth of the Jar with a 

Cork, having a Glaſs Pipe thruſt therein, q 

as E, by which with a Funnel let the Jar be W 9 
gradually filled; as the Fluid rifes in A, twill N p. 
advance proportionably in , and preſerve a juſt b. 
th 


Level in That done, proceed to Nr 
81 0 
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the Tube E alſo, and the Water continuing then 
to riſe alſo equally in B, will demonſtrate that 
it is ſtill impelled by the ſame or an equal Force, 
and conſequently that the Preſſure on the Bot- 
tom and againſt the Sides of the Jar, is the 
ſame as if it were lengthen'd out to E, and 
filled. And the Experiment ſucceeding on a 
Veſſel of this Shape, leaves no doubt but twill 
always do ſo; ſince this Figure ſeems to be the 
leaſt advantageous to it that can be contrived, 


An Experiment to the like Purpoſe might 
alſo be made by perforating the Bottom of two 
Veſſels, a Cone ſuppoſe and a Cylinder, both 
equal in Baſe and Height, with Holes equal in 
Diameter, Let them be kept conſtantly filled; 
unſtop and ſtop them both at the ſame Inſtant, 
and hey wall be found both to have diſcharg'd- 
equal Quantities of Water in the ſame Time. 
And if the Eflux of fo even a Fluid as Water, 
from theſe Veſſels, be found equal; the impel- 
lent Force, by which it is puſhed forth, may 
with good Reaſon be preſumed equal alſo. 


HERE indeed it may be objected, that it be- 
ing mathematically Jemonſirable, that a Cyhn- 
der of equal Baſe, and of the ſame perpendicu- 
lar Altitude with a Cone, is in Capacity or Con- 
tent thereto as three to one. And ſhould ſuch 
a Cone, containing no more than two Pounds 
of Water, have its Bottom and Sides as much 
preſſed thereby, as will thoſe of the Cylinder 
by fix Pounds of that Fluid; it ſhould ſeem, 
that, provided the Preſſure of the Fluid in the 


5 Con- 
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containing Veſſels, and the Weight of the con- 


taining Veſſels themſelves was alſo equal, their ab- 
ſolute Weights, when full, ought to be equal al- 


ſo: To ſuppoſe which, in a Cone and Cylinder 
of equal Heights and Baſes, would be abſurd. MF 


To this we reply: That the abſolute Weight 
of Bodies is not affected by their interior Diſ- | 
poſition or Circumſtances : For though the Pref- | 
ſure on the Bottom and againſt the Sides of the 
tapering Veſſel, be three times as great as is the | 
Weight of the Water therein contained; yet 
does it not follow, that it ſhould be three times 
as heavy. For a Whalebone, a Spring, or any | 
other elaſtic Body, much bent and forced into 
ſucha Veſſel, will not in the leaſt augment its 
abſolute Weight, by bearing internally againſt 
the Sides and Bottom with any Force whatever. 


In like manner it may be underſtood, that 
the Water included in a conical Veſſel, may preſs 
the Bottom and Sides, without increaſing the 
poſitive Weight of the whole. For ſuppoſing 
the Water in the conical Veſſel 4 B C, Fig. 7. 
Plate 2. divided into ſeveral Fruſtumsor Portions 
of a Cone, E, E, G, parallel tothe Baſe; from what, 
has been ſaid, tis plain that the Bottom, B C, will 
be as much preſs'd by the Water 'in G, with 
that in F, aſſiſted by the Re- action of the in- 
clined Sides A B and AC, as if it had been 
continuedcylindrical to H 1: And the ſame hold- 
ing good with regard to the reſt, it follows, that 
the Bottom and Sides of the Veſſel as 


great a Preſſure will be made, when full of a 
Fluid, 
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Fluid, as if it had been a compleat Cylinder, 
and fill'd up to K L. 


Ir may perhaps alſo be objected, That if a 
Veſſel, having a Pipe inſerted in the Lid, and 
filled with Liquor, ſuffers the Preſſure ſpoken 
of; that a Pipe of the ſmalleſt Diameter, a ca- 
pillary Tube, or one no bigger than a Hair, 
ought to produce the ſame Effect: Which is 
contrary to Experience. 


To this we anſwer : That the Preſſurè in the 
Caſe thus propoſed, is indeed not the ſame; and 
the Reaſon is, becauſe all our Liquors are im- 
perfect Fluids. They have all ſome Tenacity, 
Attraction, and Coheſion in their Parts, of which 
they cannot be diveſted, and which are by Ex- 
periencc found to prevail very much where the 
Tube is ſmall, that is, where moſt of the Parts 
of the liquid Column rais'd come into Contact 
„ I vith, or touch it; ſuch Tubes therefore ſuſpend 
and even raiſe Water: Whereas in thoſe of a 
larger Diameter, and ſuch wherein the Weight 
of the fluid Body over- powers the Attraction of 
the Coheſion, this will be ſcarcely ſenſible; and 
there the beforeſaid Experiment would have its 
full Effect. As it would doubtleſs alſo have, 
even in the Caſe of the capillary Tube, if Wa- 
ter were a perfect Fluid, and there was no At- 
traction from the Tube. 
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On the ATTRACTION f Cobeſfon. 


an Inch in Diameter, the Attraction ſpoken | 
will be very apparent: For on immerſing 
the End in ſome Fluid, and taking it out again, | 
a great Part indeed will quit the Tube; but 
ſome will ſtill remain, and hang therein. And 
if we take ſeveral ſmall Glaſs Tubes different | 
in Size, and immerſe them together in Liquors, 
thoſe of the ſmalleſt Bore will attract the Fluid 
moſt, and it will be found therefore always to | 
ſtand the higheſt in them. 


I F the Bore of a Pipe be even an eighth of | 
0 


Tx ſame Cauſe which inclines Fluids to riſe 
in ſmall Tubes above the Level of the reſt, which 
they very notably do, makes them deſcend alſo 
in the Filaments or Threads of Cloth, in the 
way of Filtration; which ſooner takes effect it 
the Pores of the Cloth be firſt filled with Li- 
quor. The Cells of Bread, Sugar, and other po- 
rous Subſtances, for a like Reaſon imbibe Fluids 
plentifully ; in which they riſe, againſt the Di- 
rection of Gravity, for the Reaſon juſt aſſigned. 


Tas Attraction will be very notable in an 
Experiment upon a Crane or Syphon of a ſmal 
Bore. If one of the Legs of this Machine be 


{mall Tubes it does, will rife therein, and ſen- 
fibly ſtand ſomething above the common Level 


of the reſt: And if the Jar be filled with Water . 
8 


in 
to 
V 
immers'd in a Jar of Water, the Fluid, as in — 
eig 
be 
Oi 
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Brim, the Difference ſpoken of will take place 
in the Bend of the Syphon; which whety it ſhall 
have paſt ever ſo little, (and if the Tube be firft 
wetted within, this will ſoon happen) Gravity 
will then lay hold, and puſhing out the Air be- 
fore it, bring it down ; after which the Water 
will continue to riſe. through the Bore of the 
Machine, like a continued Thread, till it ſhall 
have emptied the Veſſel to the Depth of the 
immers'd Leg; the Reaſon whereof comes next 


do be enquired into. But previous to this, the 
5 W ſpecifick Gravity of Fluids ought a little to be 
| 


sonſider'd. 


On SpECITICEK Gravity. 


S anequal Bulk of a heavier Fluid will 


. \ fink in a lighter with a Force proportio- 
+ oy able to the Difference of their Weights ; ſo 
vill a lighter counterbalance, repreſs, and even 


raiſe a heavier, provided a proportionable Quan- 


Fi tity thereof equal or ſuperior to it in Weight, be 


"I I. that Purpoſe applied. 

d. For inſtance ; Water is heavier than Oil, 
in the Proportion of about eight to ſeven, that is 

2 to ſay, eight Inches of Oil equipoiſe ſeven of 

nal Water; Water therefore will ſink in Oil; and 

3s on the contrary, Oil on Water will ſwim. Now 


as ſeven Inches of Water are in Equilibrio with 
en eight Inches of Oil, if a Tube with Water in it, 
ß be put level with the upper Surface of a Jar of 
"WF Oil, about a ſeventh of 1 * will drop out and ſink; 

the 
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the reſt will be buoyed up, and remain juſt fup- | 

ported therein, And ſhould the like on. | 1 i 
be made on Water, having Oil in the Tube, 
the Oil will be buoyed and weighed up ee | : 
the Surface of the Water about a ſeventh Part. | 


Mercury, again, is near fourteen times | 
heavier than Water; yet when we ſuſpend a lit- 
tle of it in a ſmall Tube (as by ſtopping out the 
Air's Preſſure at Top may with Care be 4 a 
on putting it about fourteen times it's own | 
Depth in Water, 'twill not drop out of the Tube, | 
when unſtopp'd above ; but if; it be put Wee | ; 
will be raiſed therein, andif brought ſhallower, | 
will drop out, according as the imaginary Sur- 
face of the Fluid beneath the Tube ſhall be 
more or leſs preſs'd by the Weight of Mercury, | 
than the other Parts of it are by the collateral 
Pillars of the Fluid, wherewith it is in theſe | 


Experiments compared, 
On the Svrho. 


F a ſmall Syphon, whoſe Legs fre of equal 
Length, be fill'd with Water, and turned 
downward, the Fluid will not run off, but re-] 
main ſuſpended therein, ſo long as it is held ex- 
actly level: But when an Inclination to either 
Leg is _ whereby one in effect is made 
ſhorter than the other, the Water will hoot ou 
by the longer Leg forthwith, S 


Tut 
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Tu Air is a Fluid whoſe Denſity near the 
Surface of the Earth is experimentally found to be 
to that of Water, at a Medium, as 1 to 850; ſo 
that eight hundred and fifty Gallons of Air, near 
the Earth, weigh as much as one Gallon of Water, 
Now, according to the Nature of all other fluid 
Bodies, the Air preſſes the Surface of all Thingsex= 
pos'dto it every wa equally. When therefore the 
Legs of the Syphon, equal in Length, are turned 
= down, (the Weight of the Atmoſphere above be- 
ning kept off by the Machine) the under Air, bear- 
e, ¶ ing againſt and repreſſing the Water, endeavouring 
r, to fall out of either of them, with equal Force, 
er, keeps it in ſuſpence, and prevents its Motion. 
u- But when by inclining it to either Side, we in 
be ¶ Effect ſhorten one of its Legs, and prolong the 
ry, other, an Advantage is given to the weightier 
ral Fluid to preponderate or over-weigh ; the 
eſe Water then begins to deſcend, and by its Con- 
oF tinuity brings away the whole: Juſt as pulling 
one End of a Thread, will make the whole 
Clue follow. 


AND to obſerve how ſmall an Inclination will 
ſerve this Purpoſe, one need only take a couple. 
of Jars full of Water, and hang a ſmall Syphon, 

hoſe Legs are of equal Length, upon the Edge 
of one; the external Leg whereof will, from the 
lloping of the Jar, naturally incline a little, and 
he Syphon will ſoon begin to act, by the Attrac- 
on of Coheſion before-mentioned ; then tak- 
ng it on the Edge of the other Jar, the like will 
mmediately happen : And thus reciprocally 
D 2 may 


qual 
rnedÞ 
t re- 
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may the Effect be produced, as often and as ſud. 
denly as you pleaſe. 4 


Axp hence the Reaſon why in Practice the 
Legs of the Syphon are uſually made of un- 
equal Lengths ; and why the ſhorterLeg is put 
into the Liquor, and the Fluid decanted by the 
other, will in part appear. 4 


'T1s evident from what has been ſaid, that 
the two Legs of the Syphon, Fig. 8. Plate 1. 
being of equal Length in the Plane A B. are 
there equally repreſſed by the Atmoſphere; and 
was the Crane fill'd with Liquor only to that 
Height, and held level, no Motion of the Fluid 
would follow, til an Advantage by inclining tÞ 


ſhould be given as before-ſaid. Inſtead of which ft 
Inclination a Length of Pipe, of ſome Inche;ſf th 
rhaps, as from B to C in the Figure, is com- * 
monly added to theſe Machines, which, previou|M O. 
to the Operation, 1s ordinarily fill'd as well as the W. 
reſt with a groſs Fluid, many Degrees heavie 
than a like Quantity of Air, wherewith it is then int 
compared; by the Gravity whereof the oppoſite the 
Side becomes greatly over-balanced : And there tt 
fore Liquors are by this Machine uſually de-. C 
canted with a good deal of Rapidity. l 
Bo r as the Air's Preſſure is a Thing in thi beſt 
Treatiſe as yet not fully proved, it may not Hf £ 
amiſs in this Place to make an Experiment the ] 
which may ſhew the Action thereof on the Sur the | 
face of the Fluid raiſed,” by ſubſtituting a viſibi¶ terpc 
nn «x 


Subſtance, viz. Oil of Turpentine, in its room 
wherei bio 
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wherein K L, Fig. 3. Plate 3. is a large glaſs 
Jar, capable of receiving the following Apparatus, 
viz. AB, which isa ſmaller Jar of Water heavier 
and more pellucid than Oil, and G H an empty 
Jar, into which the Liquor between A and B may 
be decanted by means of a Syphon whoſe Legs 
are made unequal for the Purpoſe, as aboveſaid ; 
in the Bend whereof is an open Tube fix'd, as 
EF. The Water will on Immerſion naturally 
riſebyitsown Weight in this Machine toC, Then 
let Oil of Turpentine be gently poured into KTL, 
after G H has firſt been fill'd therewith, and the 
Water will at length be raiſed to theBend at E, 
by the Preſſure of the Oil ſtill lying about one 
ſeventh above it, as ſuppoſe in the Level of NM. 
| al TheAir at firſt contain'd inthe Syphon, will, as 
the Liquors riſe, be gradually protruded from ei- 

cher Leg, through the open Tube at F. The 
m- Water then being ſpecifically heavier than the 
Oil, with which it then meets within the Syphon, 
will fink down the Tube ED, and in Time the 
Water from A B, will be apparently decanted 
hen into GH. And thus will the Principle on which 
the Syphon acts, be confirmed, by the Action 
of two viſible Fluids, different in Weight, upon 
de. each other, 


Tur Way of making this Experiment with 
beſt Succeſs, will be to ſtop the End of the Tube 


thi 

t ' at F, befbre either of the two Liquors, get into 
ont the Leg of the Machine, leſt the lighter Fluid 
Su che Oil, by riſing faſter in DE, than the coun- 


terpoiſing Water inEC, and by firſt taking Place 
in the Bend, might there ſo -gravitate, as 
abſo Mg to . the riſing of the Water 

D 3 thither 
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thither at all. But, by the Way now propoſed 
on removing the Finger ſuddenly, the Air ſome- 
what compreſſed in F, by the Weight ofthegrofſer 
Fluids endeavouring to enter the Syphon will 
in Part thereby eſcape, and the two Liquors meet- 
ing thereupon with a kind of Shock, the more 
ponderous will ſink through the other, and pro- 
duce the Effect deſired: Twill be proper alſo, that 
the ſmall Jar be almoſt full of Water, and of 
Height ſufficient to clear the longer Leg of the 8 y- 
phon, when the Bend comes to reſt on its Brim; | 
or otherwiſe the Oil, by taking Poſt prevjouſly in | 
the Bend, may chanceto fruſtrate the Experiment, | 


On tbe S YHO N diſcuiſed. 


DVD EF ORE we proceed farther on this Sub- 
ject, let us attend to ſome of the Varieties 
in which the Syphon may appear. It may, for 
example, be diſguiſed in a Cup, from which no 
Liquor will flow till the Fluid is raiſed therein to 4 
a certain Height; but when the Efflux is once in 
begun, twill continue till the Veſſel is emptied. ne 
For inſtance ; Fig. 9. Plate 1. is a Cup, in the A 
Center whereof is fixed a glaſs Pipe A, conti 

nued through the Bottom at B, over which is put 

another glaſs Tube, made Air-tight at Top h Ane 
means of the Cork at C; but left ſo open at Foot, WW PF 


* hy 
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by Holes made at D, that the Water may freelj all 
rife between the Tubes as the Cup is fall'd. Ti ficic 
the Fluid in the Cup ſhall have gained the Toy Ha 
of the inmoſt Pipe at 4, no Motion will apf let 

cate 


r: The Air however from between the tw 
Pipes, being in the mean time extruded, by tix 
Riſe of the denſer Fluid, and paſſing down tit 
inner Tube, will get away at Bottom, _— th 
ate! 
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Water, as ſoon as the Top of the incloſed Tube 
ſhall be covered thereby, will very ſoon follow, 
and continue to riſe in this Machine, as in the 
Syphon, till the whole is run off. 


T#1s is called by ſome, a Tantalus' Cup ; and 
to humour the Thought, a hollow Figure is 
ſometimes put over the inner Tube, of ſuch 
Length, that when the Fluid is got nearly up 
to the Lips of the Man, the Syphon may begin 
to act and empty the Cup. \ 
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Tunis is in effect no other than if the two 
Legs of the Syphon were both within the Veſſel, 
as in Plate 1. Fig. 10. into which the Water 
poured will riſe in the ſhorter Leg of the Ma- 
b. chine, by its natural Preſſure upwards, to its 
ies own Level; and when it ſhall have gain'd the 
rar Bend of the Syphon, it will come away by the 
no! longer Leg, as already deſcribed. An Apple, 
to! an Orange, or any other Solid, may be put 
ace into the Veſſel to raiſe the Water, when it is 
ed. near the Bend, to ſet it o' running, by way of 
the Amuſement, 


THzRE are other artful Ways of diverſifying 

and concealing the Syphon, to make its Effects 
4 appear the more ſtrange and amuſing; but as they 
all depend on the fame principle, twill be ſuf- 
ficient only to deſcribe one of the beſt. Let the 
Handle of the Cup, Fig. 11. Plate 1. be hollow; 
let the Tube C D, ſcrewed therein, communi- 
cate freely with the Water poured into the Cup, 
that it may riſe equally in both. Being once 
aboye the Level E D, twill overflow, and de- 
D 4 ſcending 
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ſcending through the Cavity D B, will empty | 


the Cup of its Liquor. 


On NATURAL SYPHONS 


COME uncommon Phænomena in Nature i 


may be accounted for upon this I 
There is for Inſtance a Pond near Graveſen 


Thames. 


Tuls Appearance is occaſioned, no doubt, ö 
from there being ſomewhere in the Bank a ſub- 


terranean Reſervoir, equal in Capacity to the 
whole Riſe and Fall of the Water in the Pond. 
This Reſervoir, when empty, may not improba- 
bly be fill'd from the River, pretty near the Top 
of the Tide, through ſome proper Conveyance in 
the Bank. | 


BETWEEN this Reſervoir and the Pond, 
from the accidental Diſpoſition of the Parts of 
Matter in that particular Place, there may very 
probably be ſome natural Syphon, whoſe Bend 
lying ſomething lower than the Surface of the 
Water in the Reſervoir, when full, may by the 
Riſe of the Water therein, havethe Air gradually 
8 from the ſhorter Leg; and when the 

ater is once above the Bend, twill ſoon ſhoot 
down and diſpoſſeſs the longer of it. The Sy- 
phon will thereupon begin to act, and may con- 
tinue thereby to repleniſh the Pond * 
; whole 


in 
Kent, out of which the Water actually ebbsallthe 
Time the Tide is coming into the adjacent Ri- 
ver, and into which the Water ordinarily flows 


during the Time the Tide is going out of the a 
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whole Tide of Ebb, by which Time the Reſer- 


voir being exhauſted, the Syphon will gather 
Air, and ceaſe to act. 


Tux Pond being thus fill'd to a certain Height, 
'tis not unlikely but that a ſecond natural Sy- 
phon, concealed in the Earth ſomewhere near 
the Pond, whoſe Bend alſo lying ſomething 
lower than the Surface of the Water in the Pond, 
may in like manner begin to run, about the Turn 
of the Tide in the River; and continuing ſo to 


ao all the Tide of Flood, diſcharging itſelf into 


ſome ſubterranean Paſſage that carries it off, may 


F cafily produce the odd Phænomenon now de- 


ſcrib'd. 


Tue Rx is alſo among others a Spring in Der- 
byſhire, called Wedding-Well, or Tydes-Well, of 
which Mr. Cor ro, in his Deſcription of the 
IWenders of the Peak, gives the following Account. 


IT is, fays he, a ſmall and to Appearance an 
inconſiderable Spring conſtantly riſing at the Foot 
of an Hill, which on occaſions, after a rumbling 
kind of Noiſe heard as under Ground, runs fo 
briſkly as to make a pretty ſmart Torrent. Tt 
uſually flows in this manner for about three Mt- 
nutes, and iſſues with a ſinging kind of Noiſe re- 
ſembling that made by the playing of a Fet-d Eau, 


He takes Occaſion to inform us, that Mr. 
Hosss was of Opinion, that this temporary Flux 
could not proceed from the Sea, becauſe the Wa- 
ter was intirely freſh; and ſuch was its Irregu- 


luity, that it could not be under the * 
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of the Tides. But ſays he conjectures, that in tie 
Paſſage of the Spring, there might probably 
be ſome narrow Vent, which in wet Weather 
might not be able to Teceive all the Water that 
came down ; he therefore imagines, that the 
Air there pent up, might alſo by endeavouring Þ 
to oppoſe its Paſſage, cauſe it to heave as if 
convulſed, to lie as it were gargling there, and 
fo occaſion the Rumbling mentioned under 


Ground, 


FF a ww rw — 1 — we 


Bur to this Account Mr. Cor rox himſelt 3 
objects, That was this the Cauſe of the Appear- 3 
once before-cited, it would never happen but | 
in wet Seaſons, and the Water would alſo be 
ſometimes thick and muddy ; both which are | 
obſerved to be contrary to Fact. 


— 2 — — — oo — 


Tuis remarkable Phænomenon happens, it Þ 
muſt be obſerved, at a great diſtance from the Þ 
Sea, and much above it, in a very mountainous 
Country. Now the Hills generally intercept 
and retain the humid Particles, or the Vapours 
floating in the Air, and driven by the Winds, whe- 
ther it rains or not. In this Country there are ſeve- 
ral vaſt Caverns in the Belly of the Hills, found to 
have Water continually trickling down the Rocks, 
as well within the Earth as without. In the Caſe 
before us, it is then very probable, that a natural 
Reſervoir, not over large, may be concealed ſome- J 
where within the adjacent Hill, and ſo conveni- 
ently placed as to receive the deſcending Waters. © 
This being fill'd by the Drippings beforeſaid toz IM t 
proper Height, ſome natural Syphon may then © * 
a5" begin W * 


cn 2 wy & 2 


AC. | 
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to run, and the Water deſcending through the 


ſubterraneous Vents, iſſues as before deſcrib'd, 


The Syphon perchance happens to be pretty 
large, and therefore cauſes it to come down 


briſkly as in a Torrent, Thus upon rational 


Principles, and with great Probability may be 


explain'd, what ſeem'd fo great a Difficulty to 
Mr. CoTToN and Mr, Hozss, 


AT Lambourn, quai Lame-bourn in Berk 


ire, again, there is a Brook, which in Summer- 


time is known to receive a Flow of Water ſufh- 


cient to turn a Mill ; but during the Winter, it 
runs with a very inconſiderable Stream. Tis 
probable that this proceeds likewiſe from ſome 
very large ſubterraneous Reſervoir, which the 
Winter Snows and Rain, in a Length of Time, 
may fill to a certain Height; and then ſome large 
natural Syphon may take Effect, and bring away 
its Water in a Stream equal to the Dimenſions 
of the Bore, And when the Reſervoir is by that 
Means exhauſted, what runs afterwards may be 
no more than the Weeping of the adjacent 
Springs. 


The Uſe of the Alk's PxtsSURE in 


raiſing FLulps. 


EF ORE we leave this Subject, we ought 

to be ſatisfied, That 'tis the Air's Preſſure 

on the Surface of Fluids which principally makes 
them riſe in the Syphan. This Machine we are 
to obſerve is always to be Air- tight; otherwiſe 
the Air admitted, though in Quantity "A ..; 
mall, 


\ 
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fmall, being of the fame Force and Denſity with 4 
that adjacent, will counter-balance the Weightof 3 
the Atmoſphere acting upon the Surface of the { 
Fluid to be decanted, and immediately cauſe the 
Motion to ceaſe. To demonſtrate this, we need i 
only take out the Cork C, ſtopping the exterior 
Tube, when the Syphon of our Tantalus Cup, 
Fig. g. Plate. 1. is in Action, and the Flux | 
will thereupon immediately ceaſe. þ 


: ! 


Tunis may be farther evinced, by running off 
a Phial of Mercury though a Syphon fix'd into 
the Cork, into which a ſhort Quill is alſo put, | 
by way of Ventage, to let in the Air, and con- 
tinue the Preſſure of the Atmoſphere ſucceſſive: ; 
ly on the Surface of the decanted Fluid. 80 
long as the Quill remains open, the Mercury | 
will run off with great Freedom; it can no 
ſooner be ſtopp'd, but the Flux of the Fluid 
will be ſo too. 


„ pp gt 


Ls 


IT may not be unacceptable to the Curious 
nevertheleſs to intimate, That however the Air“ 
Preſſure be the true and general Cauſe of the O 
Riſe of Liquors in the Syphon, yet will they G 
alſo riſe, under certain Circumſtances, and to Sy 
certain Limits, in Vacuo, when that Preſſure a 
withdrawn. This has been already hinted toi cat 
be owing to their being imperfect and tenacious ke, 
Fluids, ſubject to the Attraction of Coheſion, 
which between ſome Bodies is more prevalent, 
between others leſs. And this may be eaſily 
try'd on a Jar of Water, by a ſmall Syphon it 
Facuo, and from the Diſcharge then a it 

ug" 
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Judgment may be in part formed how great the 
Tenacity of Water, and what the Attraction of 
the Glaſs thereon is: For was it a perfect Fluid, 
and the Attraction ſuſpended, it could not, in 
Vacuo, be ſuppoſed to riſe or run at all. 


Tur Way of making this Experiment with 
Succeſs is, not abſolutely to fill the Veſſel brim- 
ful of Water at firſt; but, by help of a Wire 
paſſing through a Collar of Leathers, when the 
Air is pretty well exhauſted, let down ſomething 
ſolid into the Water, which may raiſe it to the 
Brim, and ſet the Syphon o' running. By this 
the Liquor may be decanted nearly perhaps to 
the Depth of the Leg immers'd, provided the 
Syphon be very fmall: If it is any thing large, 
this will never happen in any Degree. 


Tur like may be try'd upon Mercury, by 
help of an s that will keep the 


from ſwimming. This may be effected by fing 
a piece of a ſtrong wooden Tube like a Hoop, 


exactly fiting the upper Part of your glaſs Jar. 
On one Side of which let there be a ſmall 
Groove, juſt wide enough to receive the glaſs 


Syphon, which may afterwards be cloſed with 


a convenient Slider, and a little Cement if oc- 
cation be, both to confine your Mercury and 
keep your Syphon fix d. Then filling up your 
Jar with Mercury to a convenient Height, and 
exhauſting the Air, let down your ſolid Body 


abovementioned into the Jar, to raiſe the Fluid 
ſomething above the Bend of the Syphon, and 
it will begin to run, as before. By obſerving 

then 
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then how much of the Mercury will run of 4 


thereby, and comparing it with the Quantity of 
Water before diſcharg'd, the Difference of the 
Tenacity of theſe two Fluids, and their Attrac- 
tion to Glaſs, as was ſaid, will in part appear, if 
the fame Syphon be uſed in both Experiments, 
and the Thing accurately done. 


Now as the Air's Preſſure near the Earth, 
by ſeveral undeniable Experiments may be prov- 
ed at leaſt to be equal to the abſolute Weight of 
thirty-three Feet of Water, it will at all times 
counterbalance, and therefore raiſe and ſuſtain 
that Quantity for Service. It will actually do 
ſo in the Pump, and in the Syphon would ve- 
ry probably do ſo, was it neceſſary to apply it 
in that manner: So that a Fiſh-pond, or any o- 
ther Head of Water, might be run off thereby, MW.” 
over a Dyke, much above the Surface, ifa Sough Le 
or Drein, to carry it off otherwite, could not be of 
made. " 


WATER will riſe in the common Air in 
a Jet, when over-balanced by the Spring of Air 
compreſs'd. Air of the common Degree of 
Denſity, will produce a like Effect in Air attenu- 1 
ated or more rarefy d, as by proper Experiment: 
| hereafter will be ſhewn. As an Inſtance of the 
| latter kind, at preſent, however take the Ma- 
| chine, Fig. 12. Plate 1. in Form not unlike and 
| in reality differing but little from the Syphon; ex- 
cept that where the Legs communicate, there isa 
tranſparent Veſſel fixed, through which a riſing 


Jetof Water may be ſeen. Into this Part of the 
— Machine, 
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chine, thro' either of the Legs, firſt pour a ſmall 
S Quantity of Water, which when the whole 
© ſhall be revers'd, will miſs the Hole of the jet- 
ting Pipe A, communicating with the Veſſel C, 
and make its Way down the longer Leg E, 
E through an adequate Opening made at B. The 
ſhorter Leg is at the ſame Inſtant to he put in- 
to the Jar of Water C. Upon this the Veſſel 
D, before fill'd part with Water, and part with 
Air, by the falling away of the Water, which 
it was before charged with, will be fill'd with 
Air only, a ſmall Matter thus rarefy'd and ex- 
panded. The Atmoſphere then preſſing the Sur- 
o Nfce of the Water in the Jar with its whole Weight, 
and the inward Air, thus attenuated, reſiſting 
with but a diminiſhed Force, will cauſe the Wa- 
ter to riſe from the Jar into the glaſs Head; 
by whence continuing ſtill to deſcend by the lon 
Leg E, the Machine will agreeably play a Jet 


12 of Water, ſo long as there is any Liquor left in 
c for a Supply. 

in On SUCTION by MachiNEs. 

Air | 

e 0 HE Quantity of the Air's Preſſure may 
enu- 


be demonſtrated either by Experience on 


ent the Pump itſelf, or by its equipoiſing and at a 

the Medium ſuſtaining twenty -nincInches and a half 
Ma. of Mercury, a Fluid near fourteen Times heavier 
and chan Water, in the common Barometer. And 


Fe way we know that 'tis the Air's Preſſure on 
eite Surface of the Fluid, whereby the Water is 
uſed, by the Pump; and become certain 

that 
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that it proceeds from no Property, Poweror Effi- 
cacy in Suction is, that in the Air, Water, and 
even a Fluid ſo denſe as Mercury, may be raiſed 
by proper Machines: But if the Air's Preſſure be 
removed, it cannot be raiſed at all ; as may be 
ſhewn by an Exhauſting Syringe, (o call'd to 
diſtinguiſh it from the Forcing or Injecting) com- 
monly term'd a Sucking Syringe, or if you pleaſe 
a common Pump. Let this be fix d to a tranſpa- 
rent Tube, and the nether End thereof put into | 
a Jar of Mercury, incloſed withina tall Receiver; 
before the Air is exhauſted, if the Piſton be 
raiſed, the Mereury will immediately follow ; 
after tis exhauſted, no ſuch Effect will appear, 


T x15 being determined and certain, all then 
we are to underſtand by Suction is, That when- 
ever by any mechanical Diſpoſition or Contri- 
vance, the Preſſure of our ſurrounding Fluid, the 
Air, is in any Place abated, the adjacent Matter 
urged on by the Weight of the Atmoſphere, 
will tend thither ; and if that Matter be yielding 
and fluid, twill ſo far riſe above its common 
Level, as till, by it's abſolute Weight, a juſt 
counter-balance is made, in order to 1 the 
Equilibrium, which ought every where to exilt 
by the eſtabliſhed Laws of Nature and Prov: 


dence. 


BeFoRE GALLILEo's Time, Philoſophers fan. 
cied this Riſe of Water and other Fluids, to be 
the Reſult of Nature's abborring a Vacuum. Not 
to cavil at the Term abbor, which can only pro- 


perly be apply'd to animal Affection; but to take 8 
I i 


A Fg 3. 
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as it was probably intended, in a metaphorical 
Senſe : We may reaſonably enquire, How Nature 
came to abhor a Vacuum, in the Caſe before us, 
to the Height of between thirty and forty Feet, 
from the Surface of the Earth, and no farther? 
Had ſhe abſolutely abhorred a Vacuum, this Ab- 
horrence would have been indefinite ; and Water, 
upon this Principle, might have been raiſed three 
thouſand, as well as thirty Feet high. But this 
is otherwiſe in Fact. And by Experience we 
find that Nature has no Antipathy to a Vacuum; 
but that in general, One heavy Body only r:fes, 
when another ſuperior in Weight deſcends. 


Tur Riſe of Water in the Sucking-pump, 
by the general Preſſure of the Atmoſphere in- 
cumbent on the Surface of the Water in the 
Well, a Preſſure not to be excluded from the 
Bowels of a Body ſo porous as the Earth, be- 
Ing thus ſettled, the Parts of this Machine, with 
the Manner in which they act, will next come 
under Conſideration. | 


On the Pu usr. 


HIS uſeful Piece of Mechaniſm was firſt 
invented by CTEsEBEs, a Mathematician 
dt Alexandria, about a hundred and twenty 
ears before Chriſt. When the Air's Preſſure 
ame afterwards to be known, 'twas much im- 
roved ; and 'tis now brought to a great Degree 


bf Perfection. 


E or 
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Or this Machine there are ſimply three 
Kinds, viz. the Sucking, the Forcing, and the 
Lifting-pump. By the twolaſt, Water may be 
raiſed to any Height, with an adequate Appa- 
ratus and ſufficient Power: By the former it may, 
by the general Preſſure of the Atmoſphere on 
the Surface of the Well-water, be raiſed no more 
than thirty-three Feet, as was before hinted, 
tho' in Practice it is ſeldom apply'd to the raiſ- 
ing it much above cata al becauſe from 
the Variations obſerv'd on the Barometer, tis 
apprehended that the Air may on certain Occa- 
ſions be ſomething lighter than thirty-three Feet 
of Water; and whenever that ſhall happen, 
for want of the due Counterpoiſe, this Pump 
may fail in its Performance. 


On the SUcKinG=PUmP. 


HE common and moſt uſual Pump, con- 
fiſts of a Pipe open at both Ends, in 
which there is a ſliding Piſton as big as the Bore, 
which by means of the Hand, or ſome other 
Contrivance, may be moved up and down with- 
out ſuftering any Air to come between it and 
the Sides of the Pipe; which is otherwiſe call 
the Barrel, as AB in Fig. 2. Plate 2. 


Is the lower End of this Pipe and Piſton 
be put into Water, and the Piſton raiſed, by 

Lifting away the Column of upper Air, a Va- 
cuum will be made in the Pipe, upon which 
the Atmoſphere prefling on the bo: = 
WI 
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will force it to follow the Piſton, even to the 
Height of thirty-three Feet, could the Stroke 
be of that continued Length; and if there be 
a Valve or Clack, ſomething like a Trap-door, 
to ſhut downward, as Fig. 1. Plate 2. placed 
in ſome convenient part of the Pipe below the 
Water fo raiſed, as at C, Fig. 2. Plate 2. twill 
certainly be retained therein. But if this Con- 
trivance be wanting, upon ſhoving down the 
Piſton again, the Water will recede along with 
it towards the Spring : So that by the Motion 
of the Piſton up and down, the Water indeed 
might riſe and fink in the Barrel at every 
Stroke ; but without an under Valve to confine. 
and keep it there, none can be drawn for Ser- 
vice, in the common Way. 


Tux Frame A of theſe Valves, Fig. 1. Plate 
2. is uſually made of Wood, exactly fitted to 
the Bore of the Pipe, and not over-thick, that 


it may not ſtop too much of the Water-way. 


To this the Hinge of the leather Flap B, which 


is uſually lined with Lead, not only to make 


it fall readily, but to give it Strength ſufficient 
to bear the Weight of the Water raiſed with- 
out. warping, is commonly nail'd. 


In this kind of Pump there is, beſides this fix d 
Valve, a moveable one for Conveniency's ſake 
placed in the Piſton, as at D, Fig. 2. Plate 2. 
alſo opening upwards, or the Way the Water 
is to riſe. ach 
Bucket. 


a Piſton is commonly call'd the 


E 2 Wurd 
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WuHeN the Bucket of this Machine deſcends, 
if the Bore of the Pipe be already full of Water, 
the Reſiſtance thereof will puſh open the moving 
Valve, and part of the Water will get above; 
and whenever the Piſton is drawn upwards, this 
Valve will cloſe under the incumbent Weight, 
and the Water will be raiſed by the Force ap- 

lied : So that whenever the moveable Valve 
by being raiſed, is made to lift the Weight of 


« 


a 
fa 


| the Column, as well of Air as Water lying there- 
| on, the fix d Valve is diſcharged of all Preſſure; 
and then a Quantity of Water, precifely equal to 
that by the Bucket lifted and drawn off, will by 
the ordinary Preſſure of the Atmoſphere, as was 
ſaid, on the Water in the Well, be forced or 
rather weighed up through it, to repleniſh the 
Pipe or Barrel. This alternate Action of the 
two Valves is viſible thro' the glaſs Pumps, and 
is worthy of Remark, _ 


rm. . — 


Bur if the Bore of this Machine be full of 
Air only, before Water can be drawn that Air 
muſt be exhauſted ; which may be done, if the 
Piſton-valve be tight, by the ordinary Motion 
thereof : But for the greater Certainty and Expe- 
dition, Water is commonly poured thereon down iſ ta 
the Pipe, vulgarly call'd Fetching the Water ; i © 
which is of no other Uſe than to wet the Valves H. 
and ſupple the Collar of Leather fixed to the ¶ Bu 
| Bucket or Piſton, and ſpread it that it may lie © mo 
| cloſe to the Sides of the Barrel, and ſuffer neither ¶ Pro 
| the upper Air or Water to eſcape by it, when Ii "all 
| tis moved up and down, on 


Tur nes 


r 


+ TT ® © ee 
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Tux firſt Stroke of the Pump, if ſufficiently 
long, will make a total Vacuum in the Pipe; if 
otherwiſe, an Approach is only made towards 
it, and but a Part of the contained Air lifted 
away; upon which the Air remaining in the 
Cavity of the Bore, from it's natural - Spring, 
will be conſiderably dilated. To reſtore the 
natural Denſity whereof, the Atmoſphere then 
preſſing harder on the Well-water than does the 
dilated Air on that in the Pipe, will cauſe the 
Water to riſe therein ſo far, as that, together 
with the included Air (yet a little rarefy d by the 
depending Weight of Water) it ſhall juſt coun- 
terpoiſe the Weight of the outward Air. The 
very ſame Thing will again happen on a Repeti- 
tion of the Stroke, till by Degrees the Water 
ſhall have reached the moving Valve ; and then 
the Proceſs will go on ſteadily as before deſcribed, 
And Water, by means of this Contrivance, may 
be raiſed to any Height whatever, if the Power 
applied be ſufficient to lift the Weight, and the 
Pipes ſtrong enough to bear the Fluid's lateral 
Preſſure, 


Taz Preſſure on the Pipes in Pump-work, 
has already been proved under our fourth prin- 
ciple Page 1 5 to be in Proportion to the ſtanding 
Height of he Fluid above the part conſidered : 
But the Weight incumbent on the Bucket or 
moving Valve of a Pump, in Action, is nearly 
proportionable to that of the Column of Water 
raiſed,” For tho” the Puſh of the Atmoſphere 
on the Surface of the Spring, when the Bucket 
tiles, be really equal to the Weight of thirty three 

| E 3 Feer 


— — 


_ 
—— —— — — —— — — 


j 
| 
| 


| 
| 
| 
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Feet of Water; yet is this Aſſiſtance counter- 
balanced exactly by the Weight of the Atmoſ- 
phere, ever incumbent on the Surface of the Water 
thereby raiſed: So that all the Advantage to be 
obtained by, or expected ſrom Hydraulick Ma- 
chines, or Engines to raiſe Water, as well indeed 
as from all other Pieces of Mechaniſm whatever, 
is only the putting Matters into a convenient 
Method of being executed, and the Performance 
depends on the moving Power intirely, under 
the Diſadvantage of Friction always againſt it. 


On the Diſpoſition of PV u -Woxxk. 


Pump therefore intended to raiſe Water 
A to any Height whatever, will always 
work as caſy, and require no greater a Power 
to give Motion to the Bucket, if both the Valves 
be placed towards the Bottom of the Pipe, than 
if they were fixed thirty-three Feet above the 
Surface of the Water, 


Tux playing of the Piſton thus low in the 
Pipe, will beſides prevent an Inconvenience 
which might happen was it placed above, vis. 
in Caſe of a 2551 beneath the Bucket, which 
in a great Length of Pipe may very eaſily hap- 
pen, the outward Air getting thro', would hin- 
der the neceſſary Rarefaction of the Air in the 
Barrel, on moving the Piſton ; and conſequent- 
ly the Pump might fail in its Operation, Thi 
can only effectually be prevented by placing tht 
Pump-work in or near the Water, In whict 


Caſe, 
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Caſe, ſhould any Leak happen upward, "twill 
only occafion the Loſs of ſome of the Water, 
without any other Inconvenience. And the 
leather Valves being thus kept under Water, 
will always be found ſupple, pliant, and in a 
fit Condition to perform their Office, 


Ir may indeed be here objected ; That the 
ſpecifick Weight of the iron Rod, to which the 
$ Bucket is fixed will be an Incumbrance to the 
working of the Pump : But if it be made of Qak, 
when well ſoak' d, twill be nearly of the ſame ſpe- 
cifick Weight with Water, and ſo no Burden on 
the moving Power, when the Stroke is fetch d. 


PLACING the Pump- work, that is the Valve 
and Piſton, pretty low and near together, will 
alſo prevent the Inconvenience of our not bein 
able in all Caſes to fetch up Water from the 
Spring, by the ordinary Pump, when of an equal 
Bore; by Reaſon of the Shortneſs of the Stroke, 
which therefore cannot rarefy the Air ſufficiently 
to bring the Water up to the Piſton from the 
the WF nether Valve. For Inſtance : Take a ſmooth 
barrell'd Pump, twenty-one Feet long, having 


vis. its Piſton fetching ſuppoſe a Foot- ſtroke, plac'd 

bich N above, and the Clack or fixed Valve at the other 

* End below. By the playing of the Piſton, admit 
in 


it poſſible for Water to riſe eleven Feet, or if you 
will, let Water be poured on the Clack, to the 
Height of eleven Feet; and refit the Piſton. 


Thi There will remain ſtill nine Feet of Air between 
got it and the Water, which cannot be ſufficiently 
hic 


nrefy'd by a Foot-ſtroke, to open the Clack, 


4 ve 
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or fetch up any more Water: For in this Caſe, Þ 
the Air can only be rarefy'd in the Proportion of 

to 10; whereas to make a bare Equilibrium 
with the Atmoſphere, it ought to be as 9 to 131: 
Since, as 22, or the Complement of 11, to 33 
Feet of Water, the Weight of the whole At- 
moſphere, is to 33 Feet, or the Atmoſphere ; | 
ſo is the Interval ſpoken of, 9, to 13+; to com- 
pleat which, the Stroke ought to be at leaſt 41 
Feet long. 


HoweveR, by filling the whole Void between 
the Piſton and Clack at firſt with Water, this 
laſt Objection might be removed, 


On the Dis ros ITION of Pir Es of 


CONDUCT. 


N ſome Caſes the Pump cannot be placed 

conveniently perpendicular to the Well: For 
Example, being to raiſe Water out of the Wel in 
at A, Fig. 3. Plate 2. by Means of a Pump uff w. 
B; the bell Way will be to carry the Barrels M 
low as is the Spring, communicating therewit! 
by means of the Pipe at C. The Bucket tha 
playing in the Barrel at BC, will have the ſameſ to 
Effect, as if the Well was made perpendicula 
to the Pump : Becauſe the Water, by its prope 
Weight, will always repleniſh BC, thro' A, t 
the Level of the Well-water at F. 


ger Ugo tor =o 


And if it ſhould happen, from ſome conlÞ 1 
derable Impediment, that the Barrel cannot e that 


dow 
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down to the Well directly, it may be led about 

of I any other way for ſake of Convenience. And 
im then making the Pipe of Conveyance E, leſs 
1: in Diameter than the Barrel, it will ſooner be 
33 I exhauſted of Air, by moving the Piſton, and 
At- I the Water will follow very briſkly, as by the 
re; leaden Pump at D. 


Ir will, however, always be more eaſy to 
draw Water with Pipes that are large, and of an 
equal Bore throughout ; becauſe the Water will 
have a leſs Velocity in them, and the Friction 
will be in Proportion leſs. Upon this Account, 
the Pumps ordinarily made by the Plummers, go 
not ſo eaſy as thoſe bor'd out of Trees: Becauſe, 
by making their Pipe that brings up Water from 
the Spring ſo much leſs than the Bucket, they 
as it were wire-draw the Water rais'd. If the 
Barrel, for Inſtance, be four Inches in Diameter, 
and the Pipe of Conduct one, it will in riſing 
move ſixteen Times as faſt thro' this, as it will 
in that, to the Expence of needleſs Labour, as 


well as the great Wear and Friction of the 
Machine, | 


For the like Reaſon, it will be alſo a Fault 
to bore a Pump conically upward, becauſe the 
Water cannot with Freedom get away fo faſt as 
a Vacuum by the moving Piſton may be made; 
and the Reflection of the Water from the Sides, 
will be always a Hindrance to the Operation. 


con Is Practice however tis generally obſerved, 


not g that ſuch Leaden Pumps as work pleaſantly, and 
don """_ 


—U— — —— OI — — 
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are light upon the Hand, have the Water-way 

in the Sucking-Pipe, nearly equal to one fourth 
of the Area of the Barrel; and accordingly an] 
Inch and half Pipe will pretty well ſupply 2 
three Inch Barrel: And a four Inch Barrel] 
ſhould have a leading Pipe, nearly two Inches 
in Diameter. by 


On LEATHERING Zhe PiS Tos. 


Nother Miſtake the unſkilful Workman is 

very apt to make, is leathering the Piſton 

75 ſtiff, as to bear ſo very hard againſt the Sides 

of the Barrel, as to wear it much away, com- 

monly called Chambering the Pump. However, 

ſuch a Machine may be very tight, it will, on 

Account of the great Friction, 8 more La- 
bour to work it than is nece 


Tux Sole-leather of a Shoe is found ſtrong 
enough to refiſt any reaſonable Preſſure from 
above, as in the Cafe of the Sucking and Lifting- 
Pump Piſtons ; or to overcome any Thruſt made 
below, as in the Caſe of the Piſton of the For- 
cing Pump, and will laſt a long Time. 


Tur way of leathering the Piſtons of ches 


Machines, is always ſo as to face thei chi 
that when the Strain comes, the Leather, being Ct 
a ſtrong, and tough, yet yielding of 
ſpread, and ſuffer neither Air nor Water to pals the 
between the Piſtons and the Si Air 
rels, when they are moved. dat 
work hot Liquors, coarſe Cloth is commonly Hg 


uſed inſtead of Leather fr this Purpoſe, 


On 
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* 


: On the LirTinG-PUMP. 


HE Structure of the Lifting-Pump, Fig. 
4. Plate 2. differs from that of the Suck- 
g-Pump in nothing but the Diſpoſition, As 
hat has its fix'd Valve below, and the move- 
Pble one above, in the Barrel AB, Fig. a. Plate 
g. this is juſt the contrary, as Cand D. As the 
1 Pocket or Piſton of that is moved by a Rod 

thin the Bore of the Pipe, this is ſo by means 
1 ſtrong Frame fixed to a Rod without at 
. As in that, 'tis of Advantage, for fear of 
a Leak, to have the Pump-work, if poſſible, in 
or near the Source of Water; this in Practice 


— — 


c 


| 
i 
1 


commonly fo done, and for that Reaſon is 

ery ſeldom ſubject to any Failure in its Perfor- 
ins nance, An Elbow in this kind of Pump, to lead 
1 he lifted Water clear of the playing o the Rod, 
ng: hich of Neceſſity muſt move perpendicularly, 


5 unavoidable. The Friction occaſioned hereby 
ill however always be leſs the nearer this Bend 
comes to a ſtraight Line. 


neſe From the Name and Structure of this Ma- 
rk; chine, it may be imagined, perhaps, that the 
ing Air's Preſſure is not of equal Service to this kind 
nay of Pump, as to the former; but it is quite o- 


pak therwiſe, For if both Valves be not perfectly 
Bar- Arr-tight, Water cannot be well raiſed thereby: 
oth But in Caſe neither of them is defective, Water 
only will be raiſed to very good Purpoſe, by much 

the fame kind of Proceſs as that of the Sucking- 


On Pump, 
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Pump, before explained. Nor is there a 
doubt, but that if two Machines, a Sucking ani 
a Lifting-pump, were made of equal Bore, 
wrought with equal Force, and were in ever, 
Circumſtance alike, they would be found of . 
qual Service in raiſing Water, 


N. B. The Repreſentations of the ſeveral Piſton, 
and their Valves, in the common Pump-work I 
are expreſs'd in the Draughts ſufficiently plain, I. 
and all diſpoſed in their proper Actions, whit 
the Machines work. Bc; 


On the ForxcinG-Puwye. 1 


ND as the Weight of the Atmoſphere » 

of very great Uſe in the two Pumps alres 

dy deſcribed, it is of no leſs Advantage to the 
Forcing-pump ; which conſiſts, as in Fig. ; 
Plate 2. of a Barrel AB, a Piſton or Forcer ( 
leather d upwards, that it may withſtand the 
Preſſure of the Atmoſphere from above, that (o 
by ſucking, when raiſed, it may bring up the 
Water to ſupply the Barrel; and tis alſo les 
ther'd downwards, that, when depreſſed, it may 
reſiſt the Weight of the Water to be forced up, 
or raiſed for Uſe. There are always two fix'd 
Valves in this kind of Pump; one in ſome con- 
venient part of the Streight, otherwiſe called the 
Sucking-Pipe, as at D, the other in the Branching 
er Forcing-Pipe, as E. Theſe ought in like 
manner to pe Air-tight, and ſo diſpoſed as * 
1 : 


ing 
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the Water freely riſe, but are abſolutely to hin- 
der its Return. 


Wren the Forcer is firſt moved upwards 
in the Barrel, the Air between that and the 
Water below, having Room to dilate, by its 
Þatural Spring, will of courſe be rarefy d therein; 
he Preſſure of the Atmoſphere then being inter- 
epted by the Forcer in the Barrel AB on one 
Hand, and by the upper Valve at E in the 
Iranching-pipe on the other, the Water will riſe 
rom the Spring into AB, for the Reaſon al- 
eady given: And repeated Strokes of the Piſton 
vill . the Fluid to the Forcer, and at 
ength fill 4 Cavity of the Pipes between the 
ed Valves D and . This done, the Water, 
n this manner ſucceſſively raiſed, being hindered 
rom going down again by the nether Valve, 
rez- Neill be preſſed by the Forcer every Time it de- 
the ends, and be thereby obliged to make its Way 
bere the leaſt Reſiſtance is, via. thro' the up- 
Orr Valve at E. And whenever on the riſing 
the t the Forcer, this Preſſure intermits, the Valve 
E will immediately cloſe under the Weight 
f the upper Water, and prevent its Return that 
Vay, while the Piſton is riſing with a freſh 
| z and this is 0 at every Stroke of 


On FIRRE-ENOINES. 


NGINEs for extinguiſhing 4 are 


either Forcing or Lifting-Pum 1 * 
the Wing made to raiſe Water with great locty, 
their 
6 


* 


62 De Motion of Flu fps, | 
their Execution in great Meaſure depends upon 
the Length of their Leavers, and the Force if 
wherewith they are wrought. 


For Example, AB, Fig. 1. Plate 3. is the 
common ſquirtingFire-Engine. DC's the Frame 
of a Lifting-Pump, wrought by the Leavers E 
and F, acting always together. During the 
Stroke, the Quantity of Water raiſed by the 
Piſton N. ſpouts with Force thro' the Pipe 6, 
made ir prom of any Degree of Elevation by 
means of the yielding leather Pipe H, or by! 
Ball and Socket, capable of turning every Way, 
ſcrew'd on the Top of the Pump. Between the 
Strokes on this Machine the Stream is diſconti- 
nued. The Engine is ſupply'd by Water poured 
in with Buckets above; the Dirt and Filth 
whereof are kept from choaking thePump-work, 
by help of the Strainer IX. 


A conſiderable Improvement has of late beet 
made to theſe Machines, in order to keep then 
diſcharging a continual Stream. In doing where 
of, it is not to be underſtood that they really 
throw out more Water than do the ſquirting 
ones of the ſame Size and Dimenſions with them- 
ſelves ; but that the Velocity of the Water, and 
of Courſe the Friction of all the Parts, being lei 
violent, the Stream is more even and manageabl, 
and may be directed hither or thither with greate 
Eaſe and Certainty, than if it came forth only ly 
Fits and Starts: The Machine thus improved, i 
therefore generally better adapted to the Purpd 
intended than the former, eſpecially in the h 
ginning of theſe calamitous Accidents, 


Tu 


& 
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Tax Stream is made continual from the Spri 

Air confined in a ſtrong Metal Veſſel CC, in 
een the two Forcing- Pumps D and E, wrought 
ich a common double Leaver FG, moving on 
e Center H. The Piſtons in D and E both 
ck and force alternately, and are here repre- 
Wntcd in their different Actions; as are alſo the 
| ſpective Valves at IK and LM. 


Tur Water to ſupply this Engine, if there be 
opportunity of putting the End of a Sucking- 
pe, occaſionally to be ſcrewed on, into a Moat 
Canal, which would ſpare much Hurry and 
bour, in caſe of Fire, is alſo poured into the 
fel 4B; and being ſtrained thro* the wire 
te N, is by the Preſſure of the Atmoſphere 
ed thro” the Valves K and M into the Barrels 
D or E, when either of their Forcers aſcend; 
ence again it will be powerfully puſhed, when 
Wy deſcend into the Air-veſſel CC, thro' the 
Nees [and L by turns. By the Force whereof, 
common Air between the Water and the Top 
the Air-veſſel O, will from time to time be 
Ecibly crowded into leſs Room, and much 
preſſed; and the Air being a Body naturally 
Powed- with a ſtrong and lively Spring, and 
vays endeavouring to dilate itſelf every Way 
Ke, in ſuch a Circumſtance, bears ſtrongly 
n againſt the Sides of the Veſſel wherein it is 
Wiined, and the Surface of the Water thus 


iſe, thro' the metal Pipe P, into the leather 
& ſcrewed thereon, which being flexible, 
6 may 


e Fire-Engine AB, Plate 3. Fig. 2. fixed be- 


ted, and ſo makes a conſtant regular Stream 


— — 
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may be led about into Rooms and Entries, 
the Caſe may require. 


SHovuLd the Air contained in this Veſſel, be 


compreſſed into half the Space it took up in it 
natural State, the Spring thereof will be much 
about doubled ; and as before it equall'd, and wa 
able to ſuſtain the Preſſure of a fingle Atmo- 
ſphere, it having now a double Force, by the 
| 0 of that Spring alone, will throw Water 
into Air, of the common Degree of Denſity, 
about thirty Feet high, And ſhould this Com- 
preſſure be ſtill augmented, and the Quantity of 
Air which at firſt filled the whole Veſſel, be r- 
duced into one third of that Space, its Spring 
will be then able to reſiſt, and conſequently to 
raiſe, the Weight of a treble Atmoſphere; in 
which Caſe 'twill throw up a Jet of Water ſixij 
Feet high. And ſhould ſo much Water again 
be forced into the Veſſel, as to fill three Quai. 
ters of the Capacity, it will be able to throw i 
up about ninety Feet high ; and wherever the 
Service ſhall require a ſtill greater Riſe of Water 
more Water muſt be thruſt into this Veſſel, and 
the Air therein being thus driven by main Forct 
into a ſtill narrower Compaſs, at each Exploſion, 
the gradual Reſtitution thereof to its firſt Dimer- 
ſions, is what regularly carries on the Stream 
between the Strokes, and renders it continus 
during the Operation of the Machine. 


Tris Experiment, in little, may be eithe! 
made on the Lifting or Forcing-pump, the No 
ſels of which may be left large, on Purpoſe - 

| 


Ne. 


1 


For map 
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e Reception of the ſmall Pipe F, Fig. 6. Plate 
teaching nearly to the Valve at E, and occaſio- 
ly to be ſcrew'd in. Between this Pipe and 
e bides and Top of the Noſel H, a Quantity of 
ir will neceſſarily be lodged, which when the 
orcer acts, will be compreſſed at every Stroke 
che Riſe of the Water; more whereof will 
puſhed thro' E than can immediately get a- 
y thro' the Pipe F, which is to be always leſs 
Diameter than the Opening of the Valve at 
= The Degree of which Condenſation, and 
Hat of the Reſtitution to its natural State of Den- 
. may be obſerved through the glaſs Ma- 
es to Satisfaction. ö 


be Deſcription of the Ex Six EH for 
raiſing War ER by FIR. 


A SHORT Account and Explanation of 
| the Engine of great Uſe in Coal-works, 
d other Mines, for the raiſing of Water by 
r, cannot be unacceptable tothe Curious. They 
WW uſually Forcing-pumps, with an Air-veſſel 
lied, and are wrought by the Weight of the 
Wmoſphere externally preſſing a Piſton, under 
ich a Vacuum is to CG made by help of the 

am of boiling Water. 


4 i = 


Now though the Water itſelf cannot be con- 
ns'd by any external Force, as is evident from 
* Florentine Experiment related above, Page 
that is, it cannot be reduced into a ſmaller 
Wk or Space than it ordinarily has with us in 
cold Weather, yet may it be very much ra- 

F refy'd 


r 
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refy'd or dilated by Heat; as may appear on 
putting ſeveral ſmall Bubbles of Glaſs, Metal, 
&c. that are of a Weight juſt fit to ſwim, into 
cold Water. Theſe when the Water is ſet near 
a Fire, or over a Lamp, will fink one by one, 
according to. their-ſeveral Weights, as the Fluid 
warms, grows more rare, and conſequently les 
buoyant.” 


By accurate Experiments tis prov'd, that 
Water may be rarefy'd near fourteen thouſand 
Times by being reduced into Steam, the Parti- 
cles whereof muſt be endowed with a very poy- 
erful repellent Force ; ſince they are able, when 
confin'd, to drive before them Air, and lift even 
a great Weight of Water to very- conſiderable 
Heights. 


In order to ſupply ſucceſſively a large Quan 
tity. of Stream for this Purpoſe, the Machine 
ſpoken of has a large globular Veſſel of Water, 
which, when the Engine is at work, is kept 
bolling over a briſk Fire, in which the Steam | 
cloſe confin'd, as in Plate 4. mark'd with th: 
Letter A. | 


W Hen the Steam herein becomes ſufficiently 
denſe, ar ſtrong enough for the Purpoſe, Pat 
of it is let go, by turning a Cock into the hollow 
Cylinder B; by means whereof, the Air there 
contained is expell'd thro' a proper Clack, and 
the whole Cavity of conſequence fill'd with Steam 


only; which being a Body that may be con- bol. 
dens'd again to Water, by a Jet of cold Wat ir, a 
| diſperſed 
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diſperſed among it, that which in the Circum- 
ſtance of Steam took up the Space of fourteen 
thouſand Pints, will this Way be reduced into 
that of one. By which Artifice, a Vacuum in 
the hollow Cylinder 1s nearly to be obtained. 
The Piſton then, C, preſſed by the Atmoſphere 
above, will be weighed down, and deſcend vyfth 
a Force equal to the Inches of the Diameter 
quar d, and multiplied by twelve Pounds, the 
ordinary Weight of Air incumbent on every cir- 
cular Inch near the Earth. And a Pull thus 
ade at the End of a Leaver, equally divided at 
D, will always raiſe an equal Weight of Water 
at the other: So that all the while the Steam is 
ntring B, the Piſton E finks and forces, and 
vhen that Steam comes afterwards to be conden- 
ed, it ſucks and riſes; and thus alternately (fix 
r eight Times perhaps in a Minute) according 
o the Size of the Boiler, and the Intenſeneſs of 
eFire that is to ſupply the Engine with Steam. 


AccorpinG to the Length of the Stroke, 
nd the Diameter of the metal Forcer E, a 
body of Water of like Dimenſions will be 
aiſed at every Pull, from the Spring at Z 
to the Sucking-pipe N, and being brought up 
ro' the fix d Valve at O, whenever the Piſton 
Inks by the Weight of the counterpoiſing Lifts 
Lead at H (occaſionally to be laid on, ac- 
ring as the Atmoſphere happens to be more 


els heavy) will be puſhed thro' the fix'd Valve 
the Branching-pipe Q.: At which time the 
hole Column of Water in F being lifted there- 
V an equal Quantity will be diſcharged and 
2 run 
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run off at 7. To this Machine an Air-veſ{{ 
as G, may alſo be added, if it be thought pro- 

r, to leflen the Velocity of the Water riſin 
in F; but in Draining of Mines, this can hardy 
be neceſſary. 


A, =. 


Tux Forcer of this Engine E, is beſt mad: 
cylindrical, and as long as the Stroke intendel 
from I to N. In which Caſe the Collar I i 
which it works, is leather'd both upwards and 
downwards, which is found to be more convenient 
and yet to have the ſame Effect, as if the Piſta 
was ſo leather'd, and made to move within! 
hollow Cylinder ; as in the common Forcing: 
pump it does. 


Tunis Machine, according to late Improw 
ments, begins of itſelf to work, as ſoon as tht 
Water boils ; and by little Contrivances the M: 
tion of the grand Machine is made ſubſervie un 
to the Operation, either in turning the SteaWut 
out of the Boiler into the hollow Cylinder fron 
time to time, or ſhutting it off; as alſo by l 
ting in the Jet of cold Water, ſupplied e ert 
wanted, from the Ciſtern K; and by a th 
Device the whole may eaſily be ſtopp'd. 


Ir at any Time the Fire and the Steam gr 
too intenſe, to prevent Miſchict from blown 
up the Copper, and the like, there is a ſnifii g oon 
Valve of a certain Weight, a little conical, | 
into that Machine at L; which when the Ste: 
becomes too claſtic or over-ſtrong, will be thro 
out, or at leaſt raiſed, to give it vent. team 
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Tux Segments of Circles MM, fixed at ei- 
ther End of the great Leaver, are to give the 
Chain to which the Piſton and Forcer hang, a 
perpendicular Direction in all Parts of the Stroke. 


THERE is indeed a Vein of Mechaniſm and 
good Contrivance runs thro” this whole Machine; 
and it is very well worth conſidering as a Hy- 
fraulick-Engine ; however, in point of Profit, it 

ay not anſwer the Expectations of ſuch as uſe 
t, where Fewel is not very cheap: For the ſav- 
ng whereof, a Fire-box having the boiling Wa- 
er nearly round it, in the Nature of the copper 
achines for boiling Tea-water, has ſometimes 
deen uſed with good Succeſs. 


Tur original Engine for raiſing Water by 

ire, as deſcribed in HARRIS“s Lexicon Techni- 
m, did not work a Forcing-pump like this ; 
ut the Veſſel put here in Place of the hollow 
ylinder, was firſt cleared of Air by a Quantity 
Steam turned in thro' a Valve, which being 
ext condenſed by a Daſh of cold Water thrown 
hereon, was then filled by Water from the 
pring, which by the repellent Force of the 
team, a ſecond Time admitted from the Boiler, 
as gradually lifted through Pipes annexed, to 
e Height intended. And this in Mines, where 
oom for working the great Leaver is wanting, 
ſtill in Uſe. 


Having here mentioned the Strength of the 
tram of boiling Water, in working the forego- 
F 3 ing 
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ing Ma chine, it may not be amiſs juſt to men- 
tion the Uſe it might be of in ſeveral other Caſes, 
thoſe eſpecially in which the Ule of Fire itlelf 
is dangerous: Such as is the boiling of al 
inflammable Bodies ; the Diſtillation of ſpirituou 
Liquors ; boiling of Turpentine, Tallow, Oil, 
and Varniſhes ; the Drying of Gunpowder, and 
the like: All which Things may with Safety be 
done, by having the Boiler and Furnace at 2 
Diſtance, or in another Room ; whence by Pipes 
the Steam might be conveyed, and by the turn- 

ing of a Cock, admitted into the  Cavitie 
of double Pans, Stills, or other Yeſlels ft 
for the Purpoſe intended: It may be likewik 
ſhut off, increaſed or abated at Pleaſure by ſuch 
a Contrivance, according to the Exigencies of 
the Caſe. And tho' Water itſelf, having onet 
got a. boiling Heat, is capable of receiving but 
a ſmall Degree of Heat more than what made 
it boil at firſt; yet will the Steam ariſing from 
it be more or leſs heated in Proportion to the 
Denſity of it: So that it has ſometimes melteii 
ſoft Solder, which is a Mixture of Lead and 
Tin; but has never yet been able to fire Gum 
powder. 


| 
| 


Maler and other Things of the like kind 
might alſo be dry'd this Way, and the ſmoaky 
Taſte often attending theſe Manufactures would 
thus doubtleſs be prevented, as well as the fer 
Taſte very uſual in diſtilled Liquors, 
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On the CHarin-Pume, 


HERE is ſtill another Machine for raiſing 
Water, called the Chain-pump, AB, Fig. 1. 
Plate 6. Tis ordinarily made from twelve to 
wenty-four Feet long, and conſiſts of two col- 
ateral ſquare Barrels, and a Chain of Piſtons of 
he fame Form, fixed at proper Diſtances there- 
Wn The Chain is moved in theſe round a coarſe 

Wind of Wheel-work at either End of the Ma- 
hine, the 'Teeth whereof are ſo made as to re- 
eive one half of the flat Piſtons, and let them 
Wold in; and they take hold of the Links as they 
ſe in one of the Barrels, and return by the other, 
The Machine is wrought either by the turning 
df one Handle or two, according to the Labour 
equired, depending on. the Height to which 
e Water is to be raiſed, A whole Row of the 
Piſtons (which go free of the Sides of the Bar- 
eh, by perhaps a Quarter of an Inch) are al- 
yays lifting when the Pump is at Work; yet do 
ey by the general Puſh in the ordinary Way 


f working, as 'tis pretty briſk, commonly bring 
WP a full Bore of Water in the Pump. This 
Wlachine is fo contrived, that by the continual 
ding in of the Piſtons, Stones, Dirt, and 
hatever happens to come in the Way, may alſo 
je cleared; and therefore it is generally made 
le of to drain Ponds, to empty Sewers, and 
nove foul Waters, in which no other Pump 
ould Work. | 


F 4 On 
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On the Ex INE for raiſing WaTER by 
a MULTIPLYING-WHEEL. 


T would be endleſs to conſider and deſcribe 

the Mechaniſm and all the Contrivances of 
Engines for drawing of Water. The general 
Principles whereof being well underſtood, the 
Uſe and Application of all Machinery for that 
Purpoſe, will cafily be diſcerned. The Deſcrip- 
tion however, and Sketch of an Hydraulick 
Machine, that has no ſort of Dependance on 
the Action of the Atmoſphere; but which, by 
the Weight of Water only, and without Pump- 
work of any kind, raiſes Water ſufficient to 
ſerve a Gentleman's Seat in Buckinghamfhire, 
with an Overplus for Fountains, F iſh-ponds, &c. 
(executed by the late Mr. GERvxs) it is to be 
hoped the Curious will eaſily excuſe. 


A and B in Plate 5, are two copper Pans or 
Buckets of unequal Weight and Size, ſuſpended 
to Chains, which alternately wind off and on 
the Multi lying-wheel Z; whereof the Wheel 
Y is ſmaller in Diameter, and Z larger, in Pro- 
portion to the different Lifts each is deſigned to 
perform. 


Wur the Buckets are empty, they are 
ſtopp'd level with the Spring at X, whence they 
are both fir d with Water in the ſame Time. 


5 ; Tur 


"HE 
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Tux greater of the two, A, being the hea- 
vier, when full, preponderates and deſcends ten 


Feet perhaps from C to D; and the leſſer, 


B, depending on the ſame Axis, is thereby 


weighed up or raiſed from E to F; ſuppoſe 
thirty Feet. 


Here, by E little Contrivances, o- 
pening the Valves placed at Bottom of each of 
theſe Buckets, they both diſcharge their Water 
in the ſame Time thro' Apertures proportionable 
to their Capacities ; the ſmaller into the Ciſtern 
V, whence tis conveyed for Service by the Pi 

T, and the larger at D, to run waſte by = 
Drain below at H. The Bucket B being emp- 
ty, is ſo adjuſted as then to overweigh, and de- 
ſcending ſteadily, as it roſe betwixt the guiding 
Rods VV, brings or weighs up A to its former 


| Level at X, where both being again repleniſhed 


from the Spring, they thence proceed as before. 
And thus will they continue conſtantly moving 
(merely by their circumſtantial Difference of 
Water-weight, and without any other Aſſiſtance 
than that of ſometimes giving the Iron-work a 
little Oil) ſo long as the Materials ſhall laſt, or 
the Spring ſupply Water. 


Tux Steadineſs of the Motion is in Part re- 
gulated by a Worm turning a Jack-fly, and a 
little ſimple Wheel- work at LM, which com- 
municating with the Multiplying-wheel Axle 
at M, is thereby moved forward or backward, 
as the Buckets either riſe or deſcend. But what 


principally 
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principally keeps the whole Movement ſteady, 
is the Equilibrium preſerved in the whole Ope- 
ration by a certain Weight of Lead, at the End 
of a Leaver of fit Length, and fixed on one of the 
Spindles of the Wheel-work, the Numbers 
whereof are ſo calculated as during the whole 
Performance up and down, to let it move no 
more than one fourth of 2 Circle, from G to K; 
by which Contrivance, as more or leſs of the 
Chains ſuſpending the Buckets come to be wound 
off their reſpective Wheels and Z, this Weight 
gradually falls in as a Counter-balance, and ſo 
continues the Motion equable and eaſy in all its 
Parts. 


Tur Water waſted by this Machine, is not 
above the hundredth Part of what a Water- wheel 
will expend, to raiſe an equal Quantity, But 
where a Fall, proportionable to the intended 
Riſe of Water, cannot be had, with a conveni- 
ent Sewer to carry off the Waſte-water over and 
above, this Device cannot be well put in Practice. 


N. B. The Iron Wheel-work or the Jact in 
this Draught, is repreſented ſomething larger 
than its proper Proportion, for the ſake of 

being diſtinct. | | 
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Flops are ſuſtained in the Alk, with- 
out 4a COUNTER-PRESSURE from a- 


bove. 


HE Service of the Atmoſphere in the 
raiſing of Water being aſcertain'd, it 
may not be amiſs in the next Place to ſhew, 
that a Quantity of a Fluid ſo heavy as Water, 
will not fink therein, unleſs the Air have Liber» 
ty to preſs on the upper Surface thereof, as well 
as the nether ; which may be prov'd by mag 
ſuppoſe a Pint Mug, or a large Drinking-glafs, 
to the Brim with Water, then covering it with 
a ſmooth flat Piece of Paper, and inverting it, 
the whole Body of the Fluid will remain there- 
in ſupported ; as in Fig. 2, Plate 6. 


IT will be granted, that if the Paper was put 
dry on ſuch a Veſſel empty, it would fink in the 
Air, and fall away even by its own Gravity; and 
if put on wet, twere to be doubted whether a 
very ſmall Weight added thereto, would not ſe- 
parate it from the Glaſs, ſo inconſiderable would 
the Tenacity of the Water be in this Caſe, The 
Paper therefore cannot be ſuppoſed to ſupport 
the incumbent Weight of Water ; and the true 
Cauſe thereof muſt be this. The Bottom and 
Sides of the inverted glaſs Veſlel being rigid, 
keep off the Preſſure of the Air from the Fluid 
above, whereas it hath Liberty of Acceſs, and 
freely acts thereon below: And that it does ſo, 
will in Part appear to an Obſerver by the Conca- 


vity 
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vity of the Paper underneath. Could the Air's 


Preſſure in this Caſe be any how admitted thro” 


the Foot of the Veſſel inverted, without doubt 
the whole Column would deſcend together. 
And the like would happen ſhould the Paper be 
removed; but for a different Reaſon, viz. the 
large Column of Water in the Mug, being 
compoſed of many collateral ones, which being 
diſpoſed as in a Bundle, reſt on the Paper where- 
with the Veſſel is covered, as on a common 
Baſe; and theſe being all equally denſe, and e- 
quay fluid, are all retained, and continued of the 
e Length by the general and uniform Preſſure 
of the Air againſt the Paper below]; and fo lon 
as this continues, none of them getting the lea 
Advantage over the reſt, they are all ſuſtained in 
a Body compact together. But when the Paper 
is removed, it being ſcarce poſſible to hold the 
Veſſel fo exactly level, but that ſome one or o- 
ther of theſe ſmaller fluid Columns will become 
longer, conſequently heavier than thoſe adjacent, 
and over- balancing the reſt will deſcend, and give 
the lighter Fluid, the Air, leave to riſe into its 
Place, even to the Top of the Glaſs; the general 
Preflure whereof being there admitted, will ſoon 
cauſe the reſt of them to move, and the whole 
Quantity will then deſcend, ſeemingly together, 


Asa, ſhould a Veſſel be but Part filled with 
Water, the ſame Effect will follow to a certain 
ree: For Inſtance, ſuppoſe we fill a long 
Glaſs one half with Water; cover it with Paper, 
and turn it down as before. Six Inches ſuppoſe 
of Water, endeavouring to deſcend, will by its 
2 Weight 
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Weight rarefy the Air in the Glaſs above it, per- 
haps a ſixtieth Part or more. The denſer Air 
without will then overpoiſe the Air rarefy d with- 
in; and therefore a certain Quantity of Water, 
equal to the Difference of the two Preſſures, will 
in this Caſe be thereby buoyed up and ſupport- 
ed. But the Air within the Glaſs being dilated 
as aforeſaid, the Water ſuſpended muſt be ex- 

ected to hang ſomething below the Mouth of 
it, though not enough perhaps to overcome 
the Tenacity of the Water, and make it all de- 
ſcend. 


On the FouNrAIN at Couuaxp. 


PON this Principle acts the Fountain at 
Command, Fig. 3. Plate 6. The upper 

Part whereof, A, is hollow, having a Pipe odd d 
therein, as C, continued nearly to the Top, on 
which, being thruſt into a Wire Socket, it reſts; 
and by which it may be charged with Water, 
when turned down, to any Height. In the under 
Part of A, at à 4, are ſeveral ſmall Tubes or 
Holes, thro' which this Water will, on the Ad- 
miſſion of freſh Air thro' C, on Occaſions iflue. 
The Bottom Part B, is hollow to receive the 
Water which theſe ſhall diſcharge thro' an Open- 
ing of a certain Bigneſs, placed immediately 
under the Orifice of the middle Pipe C, the Area 
of which Aperture is ſomething leſs in Content 
than that of all the ſmall Holes at a 4 taken to- 
gether. When therefore theſe all run, they will 
yield more Water than can by the other be re- 
_ © ceived 
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ceived in any given Time. This will cauſe the 
Water to riſe in the Baſon, ſo as frequently to 
cover the End of C, and interrupt the ſucceſſive 
Entrance of the Air, and conſequently take off 
its Preſſure from the Surface of the Water in- 
cloſed in 4: Whereupon the Deſcent of the 
Fluid thro' @ 4 will be diſcontinued, till ſuch 
Time as the Water collected at Foot is run off, 
and the Paſſage for the Admiſſion of freſh Air 
cleared: Twill then be repeated, ſtopping and 
running by Turns, as at the Word of Command, 


which may be eaſily given, by obſerving the 
Motion of the Fluid about the Foot of C. 


On the DouBLE FUNNEL, 


II is for the ſame Reaſon that the Juggler's 
Funnel AB, Fig. 4. Plate 6. is uſed to run 
or ſtop by Permiſſion, , 


Tals Machine is made of Tin doubled, and 
as it is to be firſt filled to the Brim with Water, 
ſtopping the End of the Pipe with the Finger, the 
Fluid will riſe into the e or Hollow be- 
tween the Plates, as in the greater Cavity of the 
Funnel equally. The Air in ſuch Vacancy incloſed, 
being puſhed by the riſing Water thro' the Hole, 
ordinarily concealed under the Handle, which 
muſt be ſtopp'd when the Machine is full, and 
continued ſo till the Artiſt thinks fit to diſſolve 
the Charm, and ſet the Waters confin'd at Li- 

, Which he can do by a ſingle Touch of 
his Finger. LY | : 


the ANTIGUGLER. 


HIS Subject may not be diſmiſſed, with 
+ out conſidering the Uſe of the Antigugler, 
in the quiet decanting of Liquors liable to a Se- 
diment. Having ſeen the Neceſſity of the Air's 
upper Prefſure, to promote the eaſy and uniform 
Flax of Fluids from cloſe Veſſels, common 
called Giving them Vent; tis no Wonder that in 
decanting of Liquors, where this is wanting, 
there ſhould happen a kind of Struggle between 
the groſſer Fluids, endeavouring by their greater 
Gravity. to iſſue forth, and the Air by its. Re- 
preſſure endeavouring to prevent it; whence 
ſuch convulſive Motions in the Body of Liquors 
are produced, as often raiſe their Bottom, and 
make them foul. To prevent this Inconveni- 
ence (which, was it proper to make a Vent-hole 
in the Bottle, might ſoon be removed) the An- 
tigugler was invented. This Machine is no more 
than a crooked Tube of Metal; ſo bent as eaſily 
to be introduced in the Neck of moſt Battles. 
Its general Form is repreſented. Plate 6. Hg. 5. 


Ix. order to uſe this Inſtrument with. Succels, 
the Bottle containing the Liquor to be decanted 
to be inclined a little to one Side. Let then 
i ſmall Quantity of the Liquor; half a Spoon- 
perhaps, gently run off, to anſwer which, 
n adequate Quantity of Air will enter 3 

e 
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On the Air-Pirs, commonly called 
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the Neck with a kind of Glub, and take Place 
in the upper Part of the Bole. With your Fore- 
finger then, in the Ring C, and your Thumb 
held cloſe on the End of the Pipe A, introduct 
the Machine into the Neck of the Bottle, thruſting 
it quite thro' the Body of the Liquor, till the End 
B reaches, or is pretty near to the Bubble of Air 
before admitted; In doing whereof, the Liquor 
cannot enter, to obſtruct the Paſſage of the Tube, 
being kept out by the Air incloſed, and by the 
Thumb therein confined. This done, on taking 
off your Thumb, an immediate Vent will be 
given to Ding] Bottle, and the Liquor will con- 
tinue to flow out ſteadily and unconvulſed, with 
much leſs Trouble than by the Syphon, and to 
equal Advantage : For a Current of Air, equal 
both in Weight, Force, and Quantity, to the 
Liquor decanted from the Bottle, will then 
ſucceſſively enter thro' the Pipe, to maintain: 
juſt and peaceful Equilibrium between them. 


On the Fiuux of FLluips 1 
STREAM, both confined and not. 


THEN Water is at Liberty to floy 
from the Surface of a Pool, or any 

other Head, thro' a Hole an Inch Square, kept 
Juſt full, Monſieur MARRIOTE, who has bee! 
very exact in this kind of Experiment, inform 
us, that thirty cubick Paris Feet and a hal. 
will be thereby diſcharged in an Hour's Time 
That thro' a Hole two Inches below the Sur 
face, and one Inch broad, eighty one * 
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Feet will paſs unforced as before. By one of like 
Breadth, and four Inches deep, two hundred and 
twenty-twocubick Feet and above a half will run 
off, By another of eight Inches deep, that five 
hundred and eighty-three cubick Feet and near 
a half will be diſcharged, &c. Quantities by no 
means, in any regular Proportion. And from the 
fame Author we learn, that a Channel eighteen 
Inches deep, and one broad, will yield near one 
thouſand nine hundred and fixty-fix cubick Feet, 


18 WF almoſt three times as much as does one at but 
be nine Inches or half the Depth, and fixty-four 
Ly Times the Quantity given by a Hole one Inch 
t 


ſquare, in the, ſame Time, next the Surface. 


ual WHENCE it appears, that the Weight and 
the WY Preſſure of the incumbent Fluid above, augments 
den the Efflux of Water below, and continues pro- 


n+ greſſively to do ſo the deeper we go. And fince 


this is the Caſe, where every Part of the confluent 
Pillar hath Liberty and free Scope to follow ſim- 
oh the Laws of Gravitation, it may well be ex- 
pected, that when a Head of Water is kept up 
and confined, all the collateral Columns whereof 
are known to preſs equally according to their 
flon Wcommon Height, ſhould it then be opened in 
an) divers Places below the Surface, the Expence of 
Kell Water at each would be very different, thro' 


orm Whis Expence is always found to be in a ſubdu- 
hall plicate Proportion to their Diſtances from the 
me Purface: That is to ſay, the Hole that is four 


Sur reet below the Surface, ſhall yield twice the 


ubichxater in the ſame Time as will the fame Open- 


Fet! G ang 


bee! \pertures or Holes of the fame Diameter. And 


_ 2 
— 


—— — — 


— — ——ñä6 — 


3 2 


—_ 


__ = Þ . i 


* " pp 
8 cen —— 


0 
| 
j 
| 
| 


82 The Motion of FLuips, 


ing at one Foot. One at nine Feet, ſhall give 
three times the Water of the firſt ; and at fixteen 
Feet deep, the ſame ſhall ſupply four; and at 
twenty-five Feet, five times the Water in any 
given Time that may be had from a Hole made 
but one Foot beneath the Surface of the Head; 
and the contrary, inverting the Propoſition. For 
Inſtance : I find in one Part of the Service, that 
B receives three times the Water that A does 
in another, thro' Pipes of equal Bore in equal 
Times; it follows then, that he lies nine Times 
lower with reſpe& to the Reſervoir, than 4; 
and ſo of any other Proportion. 


Now the Quantity of Water each may ex- 
pect to receive, may be eſtimated ſuffciently 
near, from the faid Monſieur MARRIOTE's 
Experiments ; who found, that the Expence of 
Water, iſſuing horizontally -thro' a Quarter of 
an Inch Bore, thirteen Feet beneath the Head 
(Paris Meaſure) yielded juſt fourteen Paris Pints 
in a Minnte, On this Principle the following 


Fable is calculated, which may ſerve to give an 


Idea of the Expence of Water made thro verti- 
cal Apertures in any Service, not mcre than fiſty- 
two Feet beneath the Reſervoir, where extraordi- 
nary Friction and undue Hindrances are removed: 
Remembring only, that the Proportion of the 
Paris is to the Enghſh Foot, as 16 to 15 
nearly; and that the French Pint is a very ſmall 
Matter bigger than our Quart, for which proper 


Allowances are to be made in all Calculations of 
this Kind, 


The 


i TABLE. 


Paris FEET. [[ PARIS PinTs, 
I $0829 
5 56824 
10 12,2770 
13 14, 00 
15 15,0383 | 
20 or 4 times 5 || 17,3048 double that of 5 F. 
25 2 19,4144 
1 21,2075 
35 : 22,9715 
40 or 4 times 10 || 24,5540 twice that from 10F, 
45 26,0472 
50 © [127,4560 | 
52 or 4 times 13 | | 28,0000 twice that from 13F. 


AND from the ſame Principle, the juſt Expence 
of Water for a greater or leſs Depth, at any 
Time, might be found according to Theory, by 
laying, 


As 13 Paris Feet; the Height of the Reſer- 
vr on which the Experiment was made, 

fs to 14 Paris Pints; the Quantity in a Mi- 
nute yielded thro a Quarter of an Inch Bore : 

So is the Geometric Mean between the ſaid 13 
Feet and the Depth propoſed ; or the Square 
Root of their Product, X 

To the Expence of Water in like Time iſſuing 
thro” an equal Bore, at the Depth required. : 

G 2 T 
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IT may by the Way be here remarked, that 
on the Trial, the Quantity of effluent Water 
very often falls ſhort of what might thus be ex- 
pected from Theory ; the Reaſon of which will 
be conſider' d hereafter. 


THe Proportion of Water that may be ſup- 
ply'd, in like Circumſtances, that is, by equal 


Apertures or thoſe of ; of an Inch Bore at any 


Depth below the Head, being however thus far 
determined, the Quantity to be received there 
for Service, will next be found to depend on 
the Bigneſs of the Bore, or the Section of the 
Pipe leading to the Ciſtern from the Main, 


On the Size of Pirss of Con 


HE Capacities of Circles are always in Pro- 

portion to the Squares of their Diameters: 
So that if a certain Quantity of Water be ſup- 
plied by a Bore a Quarter of an Inch in Diameter, 
in any Place, thro' one of half an Inch, four 
times, and by one of an Inch, ſixteentimes, the 
Water will in the ſame Time be admitted. 


AND to find in general what the Size of cy- 
lindric Pipes. to ſupply Water on the ſame Le- 
vel, in any given Proportion, ought to be, this 
Analogy may be uſed. 


As the known Quantity of Water ſupply'd by 4 


Pipe of any certain Bore, in à given Time, 


1s to the Square of the Diameter theregf: * 
80 
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So is the Quantity of Water in an equal Time 


required, 
To the Square of the Diameter of the Bore 
of the Pipe ſought ; in a direct Proportion. 


For Inſtance : Suppoſe that by a Pipe of an 
Inch bore, I receive 120 Gallons of Water in | 
the uſual Time of Service, but as I want 300 Y 
Gallons on a Water-day, the Bore of my Pipe | 
ought to be an Inch and +5 to do this. 


AGAIN ; Suppoſe I have a Water-pipe two 
Inches in the Bore, which on Experiment ſup- 
plies my Ciſtern in an Hour and a half; but 
wanting this to be done in half the Time, I 1 
would know what the Bore of the Pipe for this |; 
Purpoſe ought to be. I then ſay, 


. --- 


: As 90 Minutes, the Time in which tis now | 
* done, ; | { 
, Is to 4, the Square of 2 Inches ; 4 
ir So is 45 Minutes, or half the Time, k 
le To the Square Root of 8, or 2,828 Inches, the | 


Diameter of the Pipe required ; in a reciprocal 
Proportion. 


e- Axyp by the ſame Rule, a Pipe 3, 464 Inches | 
his In Diameter, will be found to do the ſame Ser- WW | 
vice in a third of the Time, or thirty Minutes. | 

| 


Born the Rules foregoing may be ſuffici- 
ntly confirm'd by Experiment. The firſt re- 
lating to the Expence of Water, iſſuing by equal 
penings, to be in a ſubduplicate Proportion of 


95 
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the Diſtance beneath the Head, by making Holes 
of the ſame Diameter in any perpendicular Pipe, 
kept always full of Water, at Diſtances in the 
Proportion propos'd, Pag. 81. The firſt ſuppoſe 
at three Inches. beneath the Surface, the ſecond 
at twelve, the third at twenty-ſeven, the fourth 
at forty-eight Inches, &c. and 'twill be found, 
that double the Water will be yielded by the 
ſecond as will iflue by the firſt in equal Times; 
thrice the Water by the third; and by the fourth, 
double the Water of the ſecond, &c. 


Axp to prove the ſecond Rule given, viz, 
that by an Opening of twice the Diameter, four 
Times the Diſcharge will be made at the ſame 
Level; in any Part of the Tree make ſuch Open- 
ings, or for greater Exactneſs, have Slip-pipes, 
well bor'd in that or any other Proportion, to 
thruſt into the Holes. Let theſe be ftopp'dand 
unſtopp'd at the ſame Inſtant ; and the Meaſure 
of the Water iſſuing will ſufficiently demonſtrate 
them to be in Proportion as are the Squares of 
their Diameters, if nothing obſtruct. 


On FrictioN in WaATER-WoRKks. 


IHE Obſtructions in Water-works com- 
monly proceed from the Friction of the 
Fluid with the Pipes of Conveyance, and other 
Parts of the Apparatus, either from an undue 
Conſinement in ſome Part or other, or from 
Flexure, that is, by a Change of the Line of its 
natural Direction to another, by a too acute or 
an improper Angle, | 
SINCE 
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Swen the Circumferences of Circles are in 
a direct Proportion to their Diameters, the larger 
the Pipe of Conduct is, the leſs will the Fric- 
tion always be. For Inſtance; the Circumfe- 
rence of a Circle whoſe Diameter is 2, is no 
more than twice as great as that whoſe Diameter 
is but 1 ; and its Surface being only double, there 
can be no more than twice the Friction of Parts 
from this, as from that; provided the Fluid move 
in both with equal Degrees of Velocity: Whereas 
the Area's or Sections of circular Pipes, are in a 


| duplicate Proportion, or directly as the Squares 


of their Diameters. The Pipe then, which has 
2 for its Diameter, has 4 for its Area; and con- 
ſequently, with only double the Friction of the 
Pipe whoſe Diameter is 1, diſcharges four Times 


the Water in equal Times. 


Tur there is a Diſadvantage attending the 
Change of the Direction of a Fluid, appears 
from Experiment; ſince it has been found on 
Trial, that. if fifteen Pints run from a Hole made 
in the Bottom of a Veſſel kept conſtantly full of 
Water, in a given Time, there will iſſue but four- 
een thro* an Opening of the ſame Size in alike 

ime, and in the ſame Level, ſpouting perpen- 
licularly upwards, tho' each Hole had the ſame 
Height of Water conſtantly above it, and when 
ne Work was done with the greateſt Judgment, 
nd the leaſt Friction that could be. This Check 
roceeded no doubt from changing the Direction 

om the perpendicular Line of Gravitation, to 
nother contrary to it, thereby occaſioning pro- 
ably ſeveral Reflections of the Fluid from Side 
d Side of the Bend, which muſt needs prove a 
G 4 con- 
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conſiderable Hindrance to the iſſuing Stream: 
Whereas had a Length of Pipe been athxed and 
added to the Bottom Hole, the Efflux of the 
Water thereby would be ſtill greatly augmented ; 
becauſe the longer a heavy Body cantinues to 
fall, the greater is its Acceleration downward. 


Mr. MakRIOTE found, upon repeated Trials, 
that a cubick Foot of Water would run off thro' 
a Pipe of an Inch Bore fix Foot long, in thirty- 
ſeven Seconds; thro” a Pipe of equal Bore, and but 
three Foot long, it was diſcharged in forty-five WW | 
Seconds; and by the Hole only, without any Pipe : 
at all, in ninety-five Seconds: Whence it appears, t 
that a Length of Pipe added, does greatly pro- 

r 
t 


mote the Acceleration of a falling Fluid. 


SINce the Efflux of Water thro' any Hole 
muſt be with the Celerity which a Body wou'd 
acquire in falling, from the Weight of the ſuper- 
incumbent Water, it is not difficult to determine 
@ priori what the Velocity and Quantity of efflu- 
ent Liquors ought to be: Yet in reality, as was 
| hinted, there generally comes out leſs than the 
Theory requires; the Odds being ſometimes great. 
er and {ſometimes ſmaller, depending doubtleſs on 
the Form of the Hole of the Cock, or thro'whichthe 
Water ſpouts; that is, as theſe happen to be more 
or leſs properly adapted to the Figure or Shape ol 
the effluent Vein of Water, naturally contracting 
itſelf into a much narrower Area than that 0 
the emitting Perforation. But if that Paſſage o 
the Cock were ſo well fitted to the converging 


Motions of the ſtreaming Fluid, as adequately 
| tq 
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to embrace the contracting Vein in all its Parts, 


then the Quantity of Water and its Velocity 


paſſing thro' the narroweſt Part of the Aperture, 


will anſwer pretty near to the Theory, as Sir 
Iaac NEwToON has obſerved. 


An Experiment was accurately made by Dr. 
DESAGULIERsS, of the running of Water hori- 
zontally thro' a Hole five eighths of an Inch 
in Diameter, the Centre whereof was juſt four 
Foot below the Surface of the Water in a Veſſel 
kept always full. This Vein of Water fo con- 


tracted itſelf, that at half an Inch Diſtance from 


the Hole, that is, where it ſeem'd thinneſt, it 
all ran thro' a Hole of half an Inch Diameter 
made in a tin Plate. 
the whole Body of Water produced, and redu- 
cing it to a Cylinder of half an Inch Diameter, or 
ſomething under, it appear'd, that the Velo- 
city of the Water ifluing, was the ſame as a 
Drop of Water wou'd have acquir'd in falling 
the Height of four Feet in YVacuo. In this Caſe 
therefore we are not to call the Hole, or Aper- 
ture, five, but four eighths of an Inch in Dia- 
meter ; and that we may always conſider as a 
Hole without Friction, with which the Theory 
will ſufficiently correſpond, 


IT muſt at the ſame Time however be confeſ- 
ſed, that conſidering the great Difficulty there is 
in making Experiments of this kind with tolera- 
ble Accuracy, the Want of Excellency ina proper 
Apparatus for the Purpoſe, and the Nicety and 
dkill required in meaſuring the Breadth of therun- 

ning 


By afterwards weighing 


J 
N 
= 
= 
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ning Vein, to which may bealfoadded, the Length 
and Diſpoſition of the Sides of the emitting 
Pipe, and all other Impediments to be conſider'd, 
that it will not be improper to have an Eye at 
the ſame Time upon Experiment and Meaſure in 
Caſes of this Kind, and not wholly to depend on 
any Tables or Calculations whatever ; according 
to the Advice of the Marquis De PoLINI, that 
ingenious and truly accurate Author, in his Trea- 
tiſe de Caſtellis, Se. 64. 


On the AccELERATION of FALLING 
Bopies, by Gravity. 


HE Acceleration of Bodies falling in Va- 
cuo, may be rightly repreſented by the odd 
Numbers, as they progreſſively riſe. If in the 
firſt Second of Time, a heavy Body, freed: from 
any Refiſtance of the Medium thro' which it 
ought'to paſs, will deſcend with the Velocity of 
ſixteen Feet, and one tenth ; for ſake of Bre- 
vity, fay, about one Rod; during the Space 
of the ſecond Second, twill fall with the Velo- 
city of three : So that at the End of the 
ſecond Space of Time, it will be got down- 
wards in all four Rods. By help of this Ac- 
celeration, continually promoted by the Power 
of Gravity, or Attraction toward the Earth, du- 
ring the third Second, the Body will fall with the 
Velocity of five Rods; during the fourth with ſe- 
ven; the fifth with nine; and ſoon progreſſively 
till it reach the Center' of Gravity, . which with 
us is the Center of the Earth. * 
8 HE 
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Tux Action of Gravity on falling Bodies, 
is eaſter to be conceived by Reflection than il- 
luſtrated by Words; becauſe we want Images 
where with the progreſſive Action of it can be 
well compared. Let us, however, ſuppoſe a 
Body like a Tennis- ball, wholly without Weight, 
and therefore not ſubject to the Law of Gravita- 
tion : Such a Body put in Motion, and meeting 
with no. Impediment, will move, as all Matter 
nclines to do, in a ſtreight Line, according to the 
Direction given it. Letus then ſuppoſe a Number 
of Men ſtanding a Rod aſunder, in a Row, with 


Rackets in their Hands. Let the firſt ſtrike this 


Ball, giving it one Degree of Motion; "twill 
therewith proceed on to the ſecond : Let him 
alſo. give it a Stroke; 'twill then go on with 
twoDegrees of Motion to the third; who ſtriking 
it alſo, will ſend it forward with three Degrees 
of Motion to the fourth; who communicates 
another Degree of Motion to it, and ſo forward. 
Or, which is the ſame thing in Effect, let one 


Man give it a Blow, then follow and ftrike it 


ſucceſſively - at the End of every Rod. Tis 
ertain, the more Impulſes are thus given by 
he Strokes of the Rackets, the greater will the 
cceleration be; and a Body having no Weight 
vill, in this Circumſtance, thus proceed. 


Now it cannot be ſuppoſed that Gravity acts, 

s the Caſe is here put, by Fits and Starts, and at 

he End only of every Second of Time; but in- 

eſſantly, and at every Inſtant, from the very Be- 

inning to the End of the Fall. Let us then ſup- 

ole Gravity, or Weight, given to our _ 
an 


— — — ä—Wãͤ6— on 
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and that it is either Iron or Lead, and dropp'd 
from ſome Eminence. If at the End of the firf 
Second of Time, when it has acquir'd the Ve. 
locity of one Rod, it ſhould loſe its Gravity, 
and ceaſe to be heavy; it would thence- for- 
ward, meeting with no Impediment, proceed 
with the Velocity of one Rod in a Second con- 
tinually. But as that cannot happen, and as the 
Impulſe of Gravity is conſtantly acting thereon, 
it not only will, in the ſecond Second, gather 
Power to go one Rod forward, as at firſt ; but 
alſo acquire in the Interim an additional Force, 
precipitating it ſtill onwards a Rod : As if the 
Racket ſhould not only ſtrike it, at the Begin- 
ning of the ſecond Space of Time, but ſhould 
make thereon a kind of a ſhoving Stroke, ſo a 
to ſend it on thenceforward with the Force of 
three, At Beginning of the third Second, let us 
imagine it to receive a new Impulſe and Gravity, 
during the Interval, ſtill acting, brings it to the 
fourth Second with the Velocity of five. In this 
Manner, an additional Impulſe being obtained 
by the Weight ſtill drawing, twill during every 
ſucceeding Second be accelerated by the Force of 
two progreſſively ; which makes the Velocity 
by falling Bodies acquired, always to increaſe in 
the Ratio of the odd Numbers, viz. 1, 3, 5 
7, 9, 11, 13, 15, 17, 19, 21, &c. 


Howrvxx difficult it may be to deſcribe the 
Action of Gravity on falling Bodies, in Words; ti 
certain, that in Practice, and on Experiment, the 
aboveſaid Rule is found to be critically true: 
The Space paſſed thro' by falling Bodies, where 
no 
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no Obſtruction is, in Fact being always in Pro- 
portion to the Squares of the Times paſſed over 
during their Deſcent. For Example ; oneRod 
paſſed by a heavy Body, in the firſt Second of 
Time, with three Rods paſſed in the ſecond Se- 
cond, make four Rods, equal to the Square of the 
ime, or two Seconds. Again, this four added 
othe five Rods, 1 thro' in the third Second, 
ake nine, equal to the Square of three. And 
ine added to ſeven Rods, paſſed in the fourth 
Second of Time, make fixteen, equal to the 
quare of four. To this add nine Rods, gone 
o in the fifth Second, and 'twill make twen=- 
y five, equal to the Square of five; and ſo for- 


ard, 


To meaſure therefore any Depth, twill in ge- 
eral be a very good Way to count the Seconds 
heavy Body, or one not ſenſibly affected bythe 
leſiſtance of the Air, is falling ; and the Square 
thoſe Seconds, multiplied by the known Space 


this Wat a heavy Body falls thro” i ill gi 
| vy y ro' in one, will give 
— te Anſwer in Feet, ſufficiently near. For, 

y | 


As 1, the Square of one Second, 
Is to 16 Feet, the Deſcent in that Second: 


Histhe Square of anyother Number of Seconds, 
To the Space by à Body fallen thro in the Time 
quired, 


L the For Inſtance ; I find by all Circumſtances, 
S; nt a Stone falls plumb into Water, 7 Seconds 
cos ter *twas delivered from the Hand: Twill then 


Ti x 84 Feet d to. the 
"here fl #9 Times 16, or 784 on Water 
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Water. We ought indeed to allow about eleven 
hundred and fifty Feet, or three hundred and 
eighty- three Yards, in a Second, for the Retum 
of Sound to the Ear, if the Object cannot be ſeen 
to plunge : But if that be done, ſuch Allowance 
is not neceſſary; ſince the Progreſſion of the 
Rays of Light is incomparably ſwifter than that 
of Sounds. 


 AnD onthe contrary; if the Height be known, 
by the ſame Rule may likewife be determined 
in what Time a heavy Body, let fall from the 
Top, will reach the Bottom. Let us, for Ex- 
ample, take Saliſbury Steeple, faid to be four 
hundred Feet high. 


As 16 Feet, the Space paſſed in one Second i 
Time, 

Is to the Square thereof, or 1: 

So are 400 Feet, the given Space or Fall, 

To 25, the Square of fue Seconds, or the Tin 
in which this Experiment might be made. an 


AND in order to diſcover what Space a fallu 
Body may have paſſed thro' in any one part 85 
cular Second of Time during its Fall, for Er tler 
ample, in the twelfth after the Delivery; Me 
Difference between one hundred and forty-fougt'® 
the Square of the tweifth, and one hunden 
and twenty-one, the Square of the eleventh & 
cond, the Time under Conſideration, will Mel 
termine it to be about twenty-three Rods. rut 


A Idea of this Matter may alſo be pre 
well had from GaLILEO's Method, 2 
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Fig. 6. Plate 6. wherein the Intervals or Times 
of the Body's Fall, repreſented by the equal 
Pars ABCDE in the Line AE, the Velo- 
cities wherewith they fall, are dee by the 
equal Lines B F, CG, D Hand E at right 
e Angles therewith ; and the Area of the trian- 
i gular Spaces, all ſimilar and equal, point out di- 

rectly the Quantity of the Fall, or the Accele- 
ration of the Body, in any particular Space of 
Time. For Inſtance; in the firſt Second, AB 
repreſenting the Time, FB the Velocity ariſing 
from Gravity ; the Triangle A B F compleated, 
will denote the Space gone thro' in that Time, 
or one Rod. If the Tyne be doubled, as A C, 
the Velocity will alſo be doubled, and then re- 
preſented by C G. Compleat the Triangle ACG. 
and the farſt Space ABF, will be found four 
Times contained therein. If the Time be tripled, 
the Velocity will ſtill bear the ſame Propor- 
on, and then the Space paſſed thro' will be 
epreſented by the whole Triangle AD H, con- 
aning nine Spaces or Rods; and ſo on to the 
ourth Second, and forward. 


SINCE falling Bodies are in this Manner ac- 
tlerated, it may ſcem difficult perhaps to con- 
We've how a perpendicular Pipe, fix'd at Bot- 
Im of a Ve! of Water ſhould continue, 
uring the Efflux, always full; which, ſtrictly 
eaking, ought not to be ſo, on Account of this 
Wccelceration, which ought to cauſe the Water 
run out of the Pipe faſter than it really 
ould come in: Whence it might be appre- 
hended, - 


4 
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hended, that in Time the Pipe might be empty 
before the Water was all out of the Veſſel. To 
which we reply; that tho' all Bodies are by Gra- 
vity accelerated in their Fall, in the Proportion 
of the odd Numbers already mentioned ; and 
muſt allow, that if two heavy Bodies, A and 
B, be let fall one Second after another, the firſt 
would geta Head of the other, nor would they 
keep at an equal Diſtance during their Deſcent, 
For if at the End of one Second, after A is 
let go, B ſhould be delivered, the firſt will be 
proceeding at the Rate of 43, while the other is 
getting on but at the Rate of 1. During the third 
Second, A will be by Gravity urged on with 
the Force of 5, while B can have obtained the 
Celerity but of 3. So that if at the End of the I it 
firſt Second, they were but a Rod aſunder, at ¶ te 
the End of the ſecond, they would be three Rods I fu 
rt; five at the End of the third, ſeven at the ¶ th 
End of the fourth, and ſo forward progreſſively. W tio 
Yet it ought here to be conſider'd, that the Wa- W one 
ter in our perpendicular Pipe, does not run into, ¶ ob 
and out of it, fucceſſively and by Starts, but even- ¶ poi 
ly and continually. And tho' by the Acceleration An 
of falling Bodies, their Velocity does increaſe, ¶ run 
on which Account the Water in its Progreß Flu 
thro* the Pipe, if the Reſiſtance of the Air and 
every other Impediment was away, might beal- 
low'd to be a ſmall Matter rarefy'd ; yet as the 
Particles of Water contain'd in the deſcending 
Pillar, fet forward one after another in Spaces 
of Time infinitely ſhort, and being tenacious, 
adhering pretty well together, they appear as to 


Senſe, to make an even Stream, and full in 
every 
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every Part. Tis therefore impoſſible, that ſo long 
as there is Water in the Veſſel for a Supply, fuch 
Pipe ſhould becorhe void of Water ; nor is the 
Objection any more than a Nicety. 


IT may however here be remarked ; that 
when the Preſſure of the Fluid above the Hole 
of the Pipe, is ſo far abated as not wholly to 
fil it, the Evacuation will then be continued ap- 
parently in a ſpiral Figure. The like happens on 
pulling up the Plug of a Ciſtern; when the 
Water is almoſt run off, being reſiſted by the Air 
beneath, it falls of itfelf into & ſcrew-like Mo. 
tion, leaving a Hollow in the Middle, round 
which it ſeems to twiſt itfelf forward. Nor is 
it unlikely, but that the whole Column of Wa- 
ter in its Progreſs thro? the Pipe, even when 
fulleſt, may naturally incline always to move in 
this Manner, the better to overcome the Fric- 
tion of the Fluid againſt the Sides. A ver 
great Diſpoſition to this Kind of Motion may be 
obſerved by the Stream, as oſten as Liquors are 
poured leiſurely from one Veſſel to another: 
And indeed in all ſmall Effluencies or Veins of 
running Water whatever, this Spinning in the 
Fluid is very remarkable. 
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The MoT10N of PROjJECTILES, nearly 
in the PAraBoOLIC CURVE, demon- 


ſtrated. 


7 the Power of Gravity attracting heavy 
Bodies downward, in Combination with 
the impellent Force, by which they are obliged 
to follow a different Direction, it is owing, 
that Fluids, in the Way of Jets-d Eau, and 
indeed all other Projectiles, move nearly in 
the parabolic Curve ; which a Spout of Water, 
or rather Mercury, will at any Time deſcribe, 
if the Jet have any Degree of Elevation : And 
if it be made horizontally, only a ſemi-parabolic 
Figure will be produced, The —— of the 
one is exhibited Fig. 7. and that of the othe 
Fig. 8. Plate 6. The Reaſon why projected Bo- 
dies endeavour to move in that Manner, wil 
come next under Conſideration, | 


'Tis a famous Propoſition in Mechanicks, A 
That when-a Body is impelled by two different "<q 
Forces at the ſame Time, not directly in the fame W- « 
Line, that it will not proceed ſtrictly in either ꝗ Wo 
their Directions; but ſomewhere between both, eig 
viz. in the Diagonal of a Parallelogram com- It tt 
pounded of both. For Inſtance: Leta heavy ſpbe-· Ne B 
rical Body at A, Fig. 9. Plate 6. be ſtruck with 1: 
a Spring, or receive ſome other impulſive Force, . 
in the Direction A B, it would thereupon in- ish 


cline to move from A to B; or let a like lk 
6 
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pulſe be given it along the Line 4 C, the ſame 
will happen: But let both Springs ſtrike it to- 
gether, and give it different Directions as before, 
it will then roll abſolutely in neither, but along 
the Diagonal Line A D, thereby intimating to 
us the certain Direction of that Force which is 
thus compounded of the other two. 


To prove this by Experiment: Take a Ball, 
faſten to it two Threads; in a Table bore two 
Holes, as in the Diagram at C and B, thro' 
which put the Ends of the Threads, to which 
let equal Weights be hung; bring the Ball to 
the Point 4. In this Caſe ſhould either of the 
Weight, be ſuffered to draw ſingly, no doubt 
dur Ball will follow in the Line of either Di- 
ection indifferently from A: But let them both 
Rt thereon together, it will then move in the 
Diagonal, and incline to paſs from A towards D, 
ho from the Nature of the Experiment it can 
nly reach half Way. 


AFTER this, let the impulſive Forces be put 
nequal, the like will happen, and the Diago- 
al of a Parallelogram, whoſe contiguous and 
ppolite Sides are proportionable to the different 


er of PP | 
oth ſeights at Bottom apply'd, will truly point 
com- t the Path or Line of Direction, in which 


e Body thus impelled will incline to move. 
or Inftance : Let the Force intimated by the 
ne A B continue the ſame as before, but di- 
niſh that repreſented by A C one half; the 
e Im- Ne denoting the new Force muſt be dimi- 

pull nſhed in the ſame Proportion, and the Pa- 


H 2 rallelogram 
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rallelogram will then be conſtructed on the 
Lines A B and AE, the half of 4 C; the Dia- 
onal whereof will be the Line 4 F. In this 
aſe alſo bring the Ball again to A, and quitting 
it, ſuffer theſe two Forces to act thereon, toge- 
ther, you'll find the Ball will move along the 
Diagonal of this new Parallelogram, as before it 
did along that of the other, ſo long as the im- 
lfive Forces continue to act in Conjunction; 
which will be, as before, to about half Way af 

the Line AF. „ 


TH1s holds univerſally true, and may ther- 

fore properly be applied, in accounting far 
the Movement of Spouts of Water, and al 
other projected Bodies nearly in the Direction d 
the Parabola ; which is generated between that 
Force by which the Body is impelled forwa 
continually decreaſing, and the Power of Gra 
tation continually increaſing. 


planted at the Top of the Pike of Teneriff, d 
any other ſharp Hill, was, with a ſmall Chay 
of Powder, to ſhoot a Bullet horizontal) 
which, had it no Gravitation towards the Eartl 
that is, was it without Weight, would fly © ng 
as all Matter inclines to do, SID a horizon ve 
Direction given it, or one different from that WI ty; 
Gravity, in a Tangent Line to the Earth; 
as does a Stone from the. Circle wherein Ne 
whirl'd round by the Sling. And was the Wks 
ſiſtance of the Air and all other Medwms WG, 
moved, it would always maintain the ſame . - 
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locity with which it left the Muzzle of the 
Piece, But as neither of theſe can happen, in 
the preſent State of Things, let us confider what 
will follow. Firſt, the Reſiſtance of the Me- 
dium thro' which the Ball paſſes, will every 
Moment obſtruct, and at length become equal 
to the Impulſe by the Powder given; which alone 
will in time reduce it to a State of perfect Reſt. 
Secondly, the Power of Gravity continudlly act- 
ing thereon, will at the ſame time conſpire to 
bring it out of the Line of the Fire, and cauſe 
it to tend downward, in the Proportion of the 
Acceleration of falling Bodies, already men- 
ere: tioned, 


a Lx us ſuppoſe, that in the firſt Second after 
naß the Diſcharge, when the Impulſe given is ſtrongeſt, 
ta the Bullet will paſs forward, at the Rate of ten 
un Rods. Gravity, as ſoon as the Exploſion is made, 
rar puts in its Claim, and tho' it ſhall be then but weak, 
and the other ſtrong, yet twill be able to bring 
it down toward the Earth by the Space of one 
Rod; or in Fig. 7. Plate 6. from A to B. During 
the next — ſuppoſe it retarded ſomewhat, 
by beating thro' a Quantity of Air, ſo that it can 
get forward in this Second but at the rate of nine 
Rods. Gravity, never ſilent, but always act- 
ing, will bring it downward mean while with the 
Velocity of three: Of conſequence therefore, 
twill move along the Diagonal of the two act- 
ng Forces, as deſcribed in the Draught from B to 
C The third Second, twill, being till retarded 
v before, proceed but with Velocity of eight Rods. 
bravity by that Time will demand a Deſcent 

* H 3 of 
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of five Rods; ſo that the Place of the Projectik 
will then be found at D. The following Se— 
cond, for the ſame Reaſon, it gets on but at the 
Rate of ſeven Rods perhaps; Gravity in the 
-mean Time cauſing a Deſcent of ſeven Rods, 
the Ball's Place will then be at E. The fifth 
Second, 'twill keep on at the rate ſuppoſe of fix 
Rods; Gravity that while making it: deſcend 
nine, and the Ball moving along the Diagonal 
of a Parallclogram whoſe Sides are proportion- 
able to the Strength of the two Forces, by that 
Time will bring it as far as. F. And thus one 
of them gaining, and the other loſing Power 
continually, it will reach perhaps the Earth, 
having deſcrib'd a Curve pretty near a Semi- 
parabola, | 


Tur Repreſentation of the Parabola in all it 
Varieties, may by a Jet of Quick-filver, receiving 
all the different Degrees of Inclination, contained 
in a Quadrant orQuarter-circle, be at any Time 
obſerved. And here it may be remarked, that 
the utmoſt Range, or the greateſt Projection 
that can be made af a Ball, is always obtained 
when the Elevation of the Tube or Piece is about 
forty-five Degrees, or the half of a Right-angle, 
above the Horizon, as in Fig. 8. Plate b. 
Wherein the greateſt Diſtance a Bomb can be 
thrown to from the Mortar at C, is ſuppoſed to 
be repreſented in that Degree of Elevation 
Whereas ſhould it be raiſed above that Angle; 
for Inſtance, to fifty Degrees, it will not throw 
it near ſo far; and "ſhould it be lower'd a 
much, or down to forty Degrees, the Lena 

Wl 
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will be the ſame. And thus, by two different 
Inclinations of the projecting Tube, a Projectile 
may be made to fall on the ſame ſpot of Ground; 
traverſing however very different Tracts of Air 
to get thither. 


IT ought here however to be remarked, that 
were Bodies near our Earth to be projected in 
an unreſiſting Medium, according to the Doc- 
trine of GALILEO, their Motion wou'd be per- 
form'd in the Parabola exactly. But as all our 
Obſervations muſt needs be made on Bodies 
moving in the Air, the Curve they really move in 
falls conſiderably ſhort of that Line, which they 
wou'd otherwiſe have deſcribed ; and eſpecially 
toward the End of their Motion, - when the pro- 
jectile Force by Reaſon of the Reſiſtance of the 
Air is much impaired. Nor is this Deviation in- 
conſiderable, even tho' the projected Body be of 
Lead or Iron, eſpecially if they be thrown far : 
But the Odds is {till greater, if the projected Bo- 
dy be ſo light as Water. 


Sir Iaac NewToN demonſtrates, that the 
Motion of Projectiles in Air is rather perform'd 
in a Curve of the hyperbolic kind; and he ac- 
cordingly found that a horizontal TFet-d' Eau, 
which ſhould have gone to the Diſtance of forty 
Inches in a Parabola, upon Trial reach'd only 
to thirty-ſeven ; the Reſiſtance of the Air taking 
off a thirteenth Part of its projectile Force. 
In Dr. GRAvesAnD's Experiments, inſtead of 
thirty-one Inches and a half, it only reach'd 
twenty-nine and a half; not much different in 

H 4 Proportion 
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Proportion from the former. And even in the 
Experiments which Mr. REeaumMur made with 
a Hody fo denſe as Quickſilver, the Heights and 
Diſtances, eſpecially in great Elevations, were 
ſomething leſs than the Theory of Parabolas 
required, merely from the Reſiſtance of the Air; 
the Quantity of which Reſiſtance is now to be 
confidered, 


n the ResisTancE of FLluins, { 
| Bopits moving therein. 


F HERE are two Kinds of Reſiſtance in 

Fluids: The one is from the Viſcidity, 
Tenacity, or Coheſion of their Parts; the other 
from the Inactivity, or what Sir Is AAC New- 
ox calls the Vis Inertiæ of Matter. 

HE Reſiſtance of the latter is that Force by 
which every Body endeavours to continue in the 
State 'tis in, whether of Reſt or Motion. That 
of the former is a Reſiſtance, produced over and 
above that of the Vis Inertiæ, by the Spiſſitude 
or Viſcidity of ſome Fluids. For Example; was 
a Body dropp'd into melted Honey, fuppotiug 
the Honey in that Circumſtance to be a perſect 
Fluid, the Refiſtance it meets with, when 
moved therein, will be according to the V. 
Tnertie only: But when the Parts of the Ho- 
ney, by cooling become ſtiff, the Difference 
of the two Reſiſtances will then be that of the 
Tenacity. 


Tur 
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Tur Vis Inertiæ of Matter is no where more 
ponſpicuous, than in the ſudden Motion of a Veſſel 
full of Water along a Plane, upon which the 
Liquor at firſt ſeems to move with a Direction 
contrary to that of the Veſſel; for rifing a- 
minſt the hinder Side, it will commonly flaſh 
over. Not that there is really any ſuch Mo- 
tion imprefled on the Liquor; but that by the 
Its Inertiz of Matter, the Water endeavouring 
fill to continue in a State of Reſt, the Veſlel 
tannot in an Inſtant communicate its Motion 
it; it not being a conſiſtent or a fixed 
like itſelf, but a Fluid: The Liquor therefore 
perſeveres for a ſmall Time in its firſt State of 
Reſt, while the Veſſel makes forward, and 
therefore ſeems to move a contrary Way. But 
when the Liquor has the Motion of the Vel- 
& fully. communicated to it, and begins to 
move with a Velocity equal to that of the 
Veſſel, then proceed very quietly t . 
Yet "Ar ould the Veſlal — * 
Mopped, the Liquor endeavouring to continue 
Wacquired Motion, will daſh again over the 
Mer Side of the Veſſel. 


Tus paſſive Principle or Inactivity, is eſſen- 
to Matter; becauſe it can no how be de- 
Ned of it. It can neither be ſuſpended in it, 
abated; but is always proportionable to the 
Nuſity of Bodies, or the Quantity of Matter 
reſpectively contain. 


Tur 
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Tur Reſiſtance from Tenacity in Fluids, 
if it be not always uniform, is directly accord. 
ing to the Degree of Velocity in the moving 
Body only; becauſe the Viſcidity of the Matter 
will be barely ſeparated to make Way for its 
Motion. And this yielding of the Parts is a. 
ways the fame, whether the Motion be ſwifter 
or flower: whereas the Reſiſtance of the Vi 
Inertiæ is always as the Squares of the Velocity 
of the moving Body ; that 1s to ſay, ſuppoſe one 
Body moves with three Degrees of Velocity, 
and another but with two; the different Reſiſ. 
tances they will meet with in that Caſe, wil 
not be as 3 to 2, as is that of the Tenacity, but 
as 9 to 4. Or again; ſuppoſe a Body to more 
firſt with one, and then with two Degrees of 
Motion, the Difference will there be as 1 to 4; 
- becaufe the Body having twice as much Motion, 
it muſt ſtrike twice as many Parts, and doing [nfl 
it with double the Velocity, muſt ſtrike them und 
twice as hard, and conſequently puſh them der, 
twice as far. Juſt as if I ſhould give ten Wh 
Shillings to-day to ten Men, and to-morrow peat 
ſhould give twice the Number of Shillings 2 
piece to double the Number of Men; tis plain 
my Diſtribution to-morrow will be four time 


CD i<0onW Kt 6m oo 
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what it was to-day, In 
for I 
Tuls again may be demonſtrated by Expe- af G 
riment, thus: Take four or more ſmooth fu The 
Bodies, ſuppoſe boxen Draught-men ; let theſ after 
repreſent as many Particles of any fluid Matte to be 
Lay them on a a ſmooth Surface, two and tui Calcu 
ent Þ 


a-breaſt, pretty cloſe together ; paſs any 0 
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that is ſmooth and hard gently through them, 

they will be juſt ſeparated thereby, and puſhed | 
ſdeways barely to once the Breadth of the mov- I 
ing Body. Join them again, and let the Body 

pals thro them with twice the former Veloci- i 
ty, they will not only be parted as before, but 14 
will be ſtruck off laterally alſo, to twice the 

F Breadth of the moving Body. Increaſe the Ve- 14 
WW locity ſtill, and the Parts moved thereby and 1 
e difplaced, will evidently appear to be according | 

s che Square of the Degrees of the Celerity | 
a wherewith this is done. | 


al Urox this Account tis plain the Reſiſtance . \ 
vel of Fluids to moving Bodies may on ſome Occa- 
of fons be very conſiderable; and when the Velocity 
of the Projectile is very great, it may equal even 
the Reſiſtance of a ſolid or fixed Body. For 
Inſtance ; let a Cloth. be ſpread ſuppoſe a Yard 
under Water ; with a moderate Charge of Pow- 
der, fire a Bullet at it, twill probably pierce it: 
Whereas ſhould you double the Charge, and re- 
peat the Experiment, the Ball will be beaten flat, 
and not reach the Cloth perhaps before the Force 
of the Powder is ſpent. 


In Vacus all Bodies fall equally faſt; a Cork 
for Inſtance and a Bullet, a Feather and a Piece 
of Gold, all lodge themſelves exactly together. 
The true Quantity of this Fall, in the firſt Second 
after Delivery, is experimentally found as was ſaid 
to be 16,1 Feet Engliſb; tho' in our former 
Calculations, the Word Rod was uſed to pre- 
rent Multiplicity of Words, and Confuſion from 

| broken 
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broken Numbers. Was there a Medium ſo 
theſe Bodies to pals thro', they would none of 
them fall fo far in the fame Time; and the let 
ponderous Bodies would be affected by its Re- 
ſiſtance moſt: So that the Cork might ſoon 
ceaſe to move with an accelerate, and afterwards 
continue to fall with an equable Motion in the 
Air; which the Feather would likewiſe do, but 
fooner (till, 


Tux Reſiſtance of the ordinary Fluids, ſuch 
as the Air, Water and Mercury, is obſerved to 
be chiefly owing to that of their Vis Inertia, 
and very little to their Tenacity ; So that the 
Denſity of Fluids being known, their Reſiſtance 
is eaſily calculated. Thus Water reſiſts about 
eight hundred and fifty, and Mercury about 
eleven thouſand nine hundred Times more than 
Air. And it has been found by cauſing Pendu- 
lums to oſcillate or ſwing in thoſe Fluids, that 
the Motion loſt by their Reſiſtance, was juſtly 
proportionable to their Denſities, or the Quan- 
tities of Matter in them ſeverally contained. 


For the Confirmation hereof, we muſt refer 
to Sir Isaac Nxwrox's Experiments: Who 
filling a Veſſel of a confiderable Length with 
Water, let fall in it ſpherical Bodies, of diffe- 
rent ifick Gravities, and then calculating 
how far they would fall in that Medium, re- 
garding its Denſity only, and rejecting the Te- 
nacity, he found the Experiment anſwer d to it. 
And in Company of Dr. Des Acurixxs, he |ct 
fall Bodies of like Form, from the ren, 
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St, Pauls Cupola, two hundred and ſeventy-two 
Feet from Ground, and found the fame 
Thing to happen alſo in the Air. Whence it 
ſufficiently appears, that the Air has no ſenſible 
Tenacity ; much leſs then can it have either At- 


traction or Coheſion of Parts. 


Of ler $-DE a vu. 


J E have ſeen that Fluids led in Pipes, 

will always riſe to the Level of the 
Reſervoir whence they are ſupplied ; the riſing 
Column being puſhed forward, and raiſed by 
another equally 5 at the ſame Time endea- 
vouring to deſcend. And a like Effect might 
be expected from Jets of Water, thus impell'd, 
did not Friction againſt the Sides of the Ma- 
chines, and the Reſiſtance of the Air, both la- 
teral and perpendicular, generally prove an A- 


batement, and prevent its riſing ſo high as the 
Head. | 


Wurkr Jets are executed in the beſt Man- 
ner, and the Friction ſpoken of is as much as 
poſſibly removed, the Impediment of the Air 
only, thro' whieh they naeds muſt heat ĩimtheir 
Riſe, will cauſe them, aecording to N periment, 
to fall ſhort of the Heigl of the Reſervoixs, in 
the following Proportions, viz. 
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DE ID RESERVOIR, 
Fz8gr. Fzer. Inca, 
5 Ws 7k. 
10 10:4 
15 1 
20 41 24 
25 27 2 1 
Jo a8 
35 * 
40 45 © 4 
45 3 
50 58 : 4 
55 65 : 1 
60 72:0 
65 79 * 1 
70 860 : 4 
75 939 
80 101: 4 
85 IO9 : 1 
go 117: © 
95 1296 21 
100 133: 4 


Wuxxcx in general it may be obſerved; 


That ſo often as a five Foot Jet (to be taken 
in theſe Matters as a Standard) 
Shall be contained in the Height of any Tet 


 Propeſed : 
By ſo many Inches multiplied into themſelves, 


or ſquared, 

The Surface of the Water in the Reſervatory 
which ſupplies it, ought to exceed that Jet in 
Height, | Tus 


cen 


Tet 
Ves, 


fory 


in 
Hus 
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Tnus to obtain a Jet of thirty Foot, which 
contains five Foot ſix Times, the Reſervoir ought 
to be thirty-ſix Inches, or a Yard higher ; and 
a Jet of ſixty Foot may be had from a Head 
higher 7 four Times that Difference, 144 In- 
ches, or four Yards. So that Jets done in the beſt 
Manner fall ſhort of the Heights of their Reſer- 
vatories, in a kind of ſubduplicate Ratio of the * 
Heights to which they riſe. © 


Tuis great Diſproportion in the Riſe of Jets | 
muſt in general be owing to the Reſiſtance of 
the Air they are made to move thro' ; which 
has been ſhewn to be in Proportion to the 
Squares of their Celerities reſpectively : Nor can 
the Acceleration of the falling Water in the | [1 
Pipe, or the Retardment of the riſing Stream 1 
dy the Action of Gravity, be concerned at all in 
t; ſince theſe are probably adequate, and counter- 
dance each other every where in the ſame Level. 


Taz Air's Reſiſtance being thus conſider- 
ble, twill always be found neceſſary to increaſe 
he Bore of the Adjutage or Spouting-pipe, with 
he Height of the Reſervatory : For if it be too 
mall, the rifing Stream will want ſufficient 
Veight and Power to divide the Air; which 
ing denſeſt near the Earth, a ſmall Stream 
Water, endeavouring to mount to a great 
leight, will be daſhed againſt it with ſo great 
lolence, as to fall away in a Miſt and be 
holly loſt. And it may be obſerved, that the 
eightier any Body is, the greater Force it will 
ve when in Motion: Since an Ounce Ball 


5 fir d 
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fir d from a Muſquet, will go much farther, 
and do greater Execution, than will an equi 
Weight of Shot; and theſe again may be pro. 
jected farther than ſo much Lead raſp'd into 
Powder and fir' d off. A Charge of Water fir 
from a PiftoÞ wou'd ſcarce wet a Paper at the 
Diftance of fix Feet. Accordingly, ſhould a Caſk 
of Water be any where pierc'd with Holes, of 
two, four, fix, eight and twelve Lines over, al 
in the ſame Level, the larger Bore will alway 
be found to throw the Water fartheſt. 


IT may be of Uſe here to add Mr. Mas. 
R1IOTE's Proportions of the Bores of the Adju- 
tages and Pipes of Conduct, who was very con- 
verſant in theſe Things, and hath written very 
well on this Subject. 

N. B. The French divide. their Inch into tweks 
equal Parts, which they call Lines, 


Heights of } Diameters of fit Ad- Diameter of the Pipe: if T 
Reſervnrs. Jutages. Conduct. 


FEET. Lix Es. LixEs. 4s: 
| un 
5 3. 4 5, Or 6 22 ft 
10 [4 5, or 6 - | 25 - Ixcurs. ead 
15 5,06 - - | 27,0727 
20 | 6, or half an Inch] 30, or 2 lat. 
25 Ditto 33, or 2 
380 | Ditto - - - 36, or 3 ance 
40 [7,008 - - - 51, Or 41 et < 
$61 8, 0r 10 65, or 54 | 
60 Io, or 12 = 22, of 6 on la 
8 | 12, or 14 84, or 7 


100 | 12, 14, or 15 l 906, or 8 ted 
Hxxc 
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_ Hxnce it may be remarked, that there is a 
certain and fit Proportion to be obſerved be- 
tiveen the Adjutage whereby the Jet is delivered, 
and the Pipe conducting it from the Head. 
In general, About froe times the Diameter of the 
Adjutage for Jets under half an Inch, and fix 
i ſeven Times for all above, will fize the Pipes 
of Conduct pretty well : Not but twill always 
be an Error on the right Side, to have them 
rather larger than in ſtrictneſs they ought to 
be, that the Jet may always be freely ſupplied 
with Water, and in due Time. 


For a like Reaſon, if there be Occaſion for a 
Cock to be placed in any Part of the Pipe of Con- 
duct, particular Care muſt be taken, that it ſhould 
be there bigger in Proportion, that the Water- way 
may not be pinched ; but that the Cavity be left 
at leaſt equal to the Bore of the reſt of the Pipe. 


WM Taz Expence of Water made by Jets thrown 
0 any Altitude, may be pretty well collected 
om what was ſaid under the Article of the Flux 
f ſtreaming Fluids from Openings beneath their 

ead, Pag 83, and the following, vig. That 

om equal Bores, it would always be in a ſubdu- 

lücate Proportion of their Heights. All neceſſary 

be added thereto is, That if thro' any Hin- 

ance or Deficiency in the Conduct-work, a 
ſhould happen Sl to riſe ſo high as might 
expected from the Regulation in this Sec- 
on laid down Page 110, the Expence of Wa- 
on that Occaſion . ought not to be com- 
ted from the Height of the Reſervatory, but 

JENC | I from 
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from the actual Riſe of the Jet. For Inſtance: t! 
Suppoſe a Reſervoir of thirty-three Feet, which \ 
_ ought to play a Jet of thirty Feet, plays bu tc 
one of twenty, which a Reſervoir of twenty. © 
one Feet four Inches, done in a good Manne: 
would alſo do; in this Caſe regard being had u 

the Size of the Adjutage, the Expence of W. ( 
ter can poſſibly be no greater than what a twenty 
Feet Jet might be expected to make. 


THz Bore of an Adjutage cannot be 9 , 
ſmooth or true. Thoſe that are cylindrical / 
are beſt; thoſe that are bored conical work 
becanſe of the Reflections of the Water from 
the inclined Sides of the Machine, which in the 
Hurry of the iſſuing Stream will in them um 


voidably be made. 


To conclude this Subject, let us a little ate ¶ ue 
to the Conſtruction of a very pretty portabi S 
Fountain, that being once charged with Wateſh ve 
and inverted, will play a Jet nearly as high 
the Reſervoir, till the Fluid is exhauſted; 
then turned up on the other End, the ſam 
Thing will happen, and a real Clepſyara, 
Water-clock, be thereby formed. | 


Tuis Device repreſented Plate 7. Fig. 1. c 
fiſts of two hollow Veſſels, A and B, comm 
nicating with each other only by the recur) 
Tubes C and D; at the Ends of which, E. 
F, are plac'd ſmall Adjutages to direct the] 
G and Hare two open Tubes, ſoder'd into u 
Bottom of the Baſons bęlonging to A and N chat 


—ä — — ę— — — ——_ — — — — — — — — 


NATURAL and ARTIFICIAL, 115 


thro' which the Water flows in, and fills thoſe 
1 Veſſels to a certain Height, that is, according 
MF to their Length. They by their Diſpoſition al- 
o prevent the Return of Water the ſame Way, 
when the Machine is turned upſide down. 


On the SPRCI ICE Gravity of 
Bopiss. 


A RISTOTLE's Notion of the Elements was, 
That the Earth and Water were poſitively 
heavy; Fire poſitively light; and Air indifferent 
as to eithet. His Followers therefore affirm, That 
the Aſcent of Bodies is owing to their poſitive Le- 
vity, as that of Flame and Smoke, for Inſtance, 
But in this they are miſtaken : For Bodies are 
only relatively light or heavy, according as they 
are compared with others of a different Kind. 
So that Flame or Smoke aſcend not becauſe they 
we really light; but becauſe they are buoyed 
up by the Air, which is denſer, and' therefore 
In its Nature heavier than they: For Flame in 
Yacuo will ſoon ſubſide ; and Smoke, when the 
fuliginous Parts thereof become heavier than the 
Medium round them, will viſibly deſcend. Thus, 
Vil or Wine do not ſwim on Water becauſe of 
beir own Levity ; but becauſe Water is the hea- 
nm ver Fluid, and ſinks in them. In Air moſt Bo- 
un dies ſink, becauſe it is very light; in Water not 


E uo many, it being fat more denſe, and in Mercury 
je Jaicarce any may be totally immers'd, from the 
to Wie Cauſe. * or is there any greater Reaſon 


nd that Cork ſhould be termed light, becauſe twill 
In I 2 ſwim 
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ſwim in Water; than that Iron ſhould be 
eſteemed ſo, becauſe twill ſwim in Mercury, 


Ix general therefore, One Body is ſaid to be 
ſpecifically heavier or denſer than-another, when 
it contains more Matter, or a greater Degree 
Height, under the ſame, or an equal Bult; or u 
equal Degree of Weight, within leſs Space or Cum. 
paſs. For Inſtance; -a cubick Inch of Gold 
weighs ten Ounces Troy, an equal Quantity of WP. 
Lead hardly fix, of common Water, ſomething Wi cc 
better than half an Ounce; ſo that Gold is about I th 
nineteen, and Lead about eleven times denſer, 
and therefore ſpecifically heavier than Water: 
And thus of the reſt. Ex 


SPECIFICK. Gravity then is appropriate, o Wot 
the Gravity peculiar to any Body, whereby ith 
may be diſtinguiſhed from Bodies of a different Wo! 
Kind. Tis ſometimes, and not impropeth 
called relative or comparative Gravity, to diſti: t 
guiſh it from ad ſolute or poſitive Gravity; which 
laſt always increaſes in Proportion to the Bulk bey 
the Body weigh'd directly, the other not. Ab- 
ſolutely conſider'd, a Pound of one Thing is 8 
heavy as a Pound of another, without regard i 
what their ſpecifick Gravities are: Thus a PoundiWre(? 
of Feathers, Cork, or Spunge, abſolutely weigh{Weco! 
as much as does a Pound of Lead; but wit 
regard to their relative Gravities, or Bulk f 
Bulk, they are very different. 


A Bopy ſpecifically heavier than a Fluid, u 
fink therein, becauſe it weighs more tha 1 6 
eq 
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equal Quantity of the Fluid by. it diſplaced, and 
whoſe Room it takes up : So that the imaginary 
Surface immediately under the Body, being there 
more preſs d than by the Water in any other Part, 
it therefore yields, and lets it paſs throꝰ . But a 
Body ſpecifically lighter than a Fluid, will always 
iſe therein; becauſe it preſſes leſs on the imagi- 

nary Surface beneath i it, than the Fluid in whoſe 

Place it is ſubſtituted would have done; and the 
collateral Columns of the Fluid adjacent, by 
their proper Weight, contribute to its Riſe. 


Was there any neceſſity of proving: this by. 
Experiment, it might thus be done: Take a 
mall glaſs Bolt-head, which, was it ſolid and 
of a Lump, wou' d be near three times heavier 
than Water; but being hollow, and full of Air 
cly, 'twill emerge and ſwim. This may be 
o nicely filled with Water, by the Stem, that 
a Top of a Jar it may be made to ſwims: in 
the Middle it may remain at a _ and put 
deyond that, or lower, it may 


Tais will be brought about by the Spring of 
e Air included therein; which being a com- 

reffible Body, will either contract or dilate itſelf 
cording. to the Degree of Preſſure tis: under. 

o ward the upper Part of the Jar twill be preſs d 
y little more than the Atmoſphere; toward the 
liddle, by, the Atmoſphere and ſome Inches 
7 haps of Water; and at the Bottom, 2 
a water ſtill. In the firſt Caſe, the Air in the Ma. 

aan 4 ine cannot be ſo much preis d as in the ſecond; 


equip the ſecond, not ſo much as the laſt: Whence: 
13 LO 
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as the Preſſure comes to be increaſed, more 
Water . will be gradually thruſt into it, as the 
Mouth of the Machine is unſtopp'd, making 
the whole ſpecifically more heavy, and ſo wil 
produce the forementioned Effect very viſibly, 
when tried on a Machine that is ſmall, 


Uyron the ſame Principle it is, that glaß 
Images are made to rife or fink in a long [ar 
of Water at the Word of Command. Theſe 
have commonly a Hole left in their lower Parts, 
thro' which, by only ſucking out the Air, having 
a little Water at the ſame time in one's Month, 
they may: be ſo far charg'd therewith, as wil 
cauſe them to*fwim erect, at Top of the Jar, 
Let this be afterward ſtopp' d with a good yield- 
ing Cork, or cover'd with a Leather or Bladder, 
well tied over the Mouth, and a Preflure of the 
Hand . occaſionally applied thereon, will cauſe 
them to fink ; and on Abatement of that Pre 
ſure, they will riſe again at Pleaſure ; or by an 
equal ſteady Degree of Preſſure, they may be 
ſtopp'd, 'or — to be ſuſpended, in any Part 
of the fluid Column, 


| Tun accidental Preſſure is, in Effect, equiva- 
lent. to the lengthening put the Pillar of Water, 
in the laſt Experiment: For, by a greater Degree 
of Preſſure applied, the Air being — 1 in 
the Image, more Water will be thruſt into it 
Cavity, which the Air, in its Reſtitution, will 
thruſt back when that Preſſure is withdrawn 
Both theſe Experiments are repreſented under the 
6 Fig. 18. RG a 8. - g 
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By the way, it may herc be remarked, that 
there are very few, if any, Animals of themſelves. 
ſpecifically heavier than common Water, The 
real Subſtances indeed of both Animals and Ve- 
getables frequently are ſo; and the floating of 
either is generally owing to the Cells or Recep- 
ticles in them interſperſed, which in the one are 
fll'd with Air or Oil, in the other with Air or 
Reſin, which being all lighter, will ſwim in 
Water. If then Fleſh and Bones are of them- 
ſelves fomewhat heavier, the Fluids and the Fat 
are ſome what lighter ; to which if we add the 
arge Quantity of Air in theſe every where in- 
cluded, as on Cupping, &c. evidently appears, 
they will be found together to make a Maſs ſpe- 
cifcally a good deal lighter than a comparative 
Bulk of common Water. Beſides, as the Bulk 
of the Body is capable of being increaſed by 
diſtending the Cheſt in Inſpiration, a good Quan- 
tity of Air may be taken into it, and this is a - 
farther Advantage to the floating Animal. 


wn — er }_}_%-T _ 


IT has been tried by a fat Man of ordinary 
dize, what Weight he could bring up from the 
bottom of the Thames, ſo as to have the Top of 
his Head juſt appear above Water. When his 
Breaſt was full of Air, he was found to riſe with 
hirteen Pounds of Lead, without ſtriking out 
n the leaſt, and two Ounces more would have 
ept him under : But when his Breaſt was not 
bus diſtended, he could bring up only eleven 
ounds in that manner. = 


— 
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IT would be therefore difficult to conceive how 
People, not incumber'd with their Clothes, ſhould 
be ſo often drowned as they are againſt their 
Wills; and, unleſs by ſtruggling unartfully, and 
admitting Water by their Mouths, they were 
ſuffocated, the Thing would ſeem impoſſible, 
One unavoidable Diſadvantage indeed they do lie 
under, and that is from the ſudden Contraction 
of the warm Air within the Body, on its firſt 
Immerſion in cold Water ; to ſupply the Place 
of which, they are apt to diſtend their Lungs 
immediately, and are in a manner forced to gaſp 
for Breath, when meeting with a Fluid too grols 
for Reſpiration, they fall a Sacrifice to their Fears, 
for want of that Preſence of Mind which the 
Brutes, whoſe Apprehenſions of the Danger be- 
ing leſs, are evidently Maſters of. This, like 
other Prejudices, we ſhould endeavour to conquer 
while we are young, before they are too deep 
rooted with us, and predominate. 


ALL Bodies floating on Fluids, may alſo be 
juſtly compar'd with them; and whenever a 
Body lighter than a Fluid does float thereon, 2 
Quantity of that Fluid, in Bigneſs equal to the 
immers'd.Part.of the Body, is preciſely equal in 
Weight to the abſolute Weight of the whole 
Body. A Man of War, for. Inſtance, carry- 
ing a hundred and twenty Guns, with all its 
Stores, Rigging, and Appointments, weighs not 
a Jot more than does the very Quantity of Wa- 
ter which it thruſts away and diſplaces, and 
which would otherwiſe have occupied the Room 
of; that very ponderous Machine, This rs 

* . Ing 
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being of a certain and determined Weight, wou'd 
naturally have preſs d on the imaginary Surface 
of the Fluid, juſt beneath, with its proper Gra- 
vity: But as that Part of the Ship which is un- 
der Water, falls into the Place, ſubſtituting there- 
on an equal Weight, the ſame Preſſure, and no 
more, is {till ſuſtain'd by the ſaid Surface. And 
were it otherwiſe, the Water, being fluid, wou'd 
continue to yield and move till the Equilibrium 
was fully made; which always is obſerved to hap- 
pen whenever Veſſels of this kind come to be laden 
deeper. 


Tun Motion of the Waves in a Gale of 
Wind, whereby an unequal: Degree of Preſſure 
i accidentally thrown on the ſmooth Surface 
of the Sea, alſo evidently ſhews us this. But to 
prove it farther by Experiment; Take a Stick 
of Wood: ſpecifically lighter than Water, and 
counterpoiſe it in a Pair of good Scales with Wa» 
ter: Immerſe the Stick gently in a full Jar; Partof 
the Water will be thruſt out thereby, and run 
over: Take out the Stick, and the Water in 
the Scale will be found again exactly to reple- 
2 nich the Jar. Which ſufficiently proves, what 
the was before intimated ; That a Quantity of 4 
in Fluid, equal to the immers'd Part of a. Body 
ole WM ſeating in that Fluid, will in Meigbt equal t 
y- N Veigbt F the whole Body, 


not HREN N a tolerable Judgment may be form'd 

+ Hof the different Specifick Gravity of all ſuch 
and WW Bodies lighter than Water, as will not be da- 
dom Wmag'd by Immerſion therein. For Inſtance ; 
ate! W The Denſity and Weight of the ſeveral Sorts of 


giz Wood, 
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Wood, may this Way be compar'd, by putting 
Sticks of the ſame Length, equally ſeaſoned or 
dry, and of the ſame Form and Bigneſs through- 
out, or priſmatick from one End to the other 
('tis no matter whether with regard to each other 
their Form or the Diameters of their Baſe be the 
ſame) into a narrow Jar of Water, like that in 
Fig. 1. Pl. 1. the better to keep them up on 
End, noting. how far, when gently let down, 
they will fink in the faid Flujd. And accord- 
ingly, a Piece of Engliſb Oak a Foot long, will 
be found to ſink about eighty, Beech ſeventy- 
five, ſome ſorts of Mahogeny fixty-nine Hun- 
dredths of a Foot: So that the Denſity of Oak 
may this Way be found to be to that of Beech, 
as 80 to 75, or 16 to 15; and to that of Maho- 
geny, as 80 to 69, nearly as 8 to 7. . And by 
Conſequence, their ſeveral Weights, and perhaps 
their Strength and Degrees of Service, might 
pretty well be judg'd of, by inverting the Terms; 
that is to ſay, ſeventy-five Feet of Mahogeny 
are equivalent in Strength to fixty-nine of Beech; 
and eighty of Beech to ſeventy-five of Oak. 
Their Duration indeed, depending on their 
Texture and particular Conſtitution, will be 
another Conſideration, 


On the HyprROMETER, or WaTER- 
Polis x. 


H E relative or ſpecifick Gravity of Fluids 

to each other, may this Way in general 

alſo be tolerably well diſcover'd, viz. by the Im- 
merſion of an Inſtrument called the Hydrometer, 
Fr | or 
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or Water-poiſe, in them one after another, This 
Machine is uſually made of Glaſs, Ivory, or 
ſome Subſtance not very porous, or apt to im- 
bibe much Liquor. It confiſts of a Bole of any 
reaſonable Size, but the larger the better, as A, 
Fig. 2. Plate 7. and a long ſmall Stem, as B. 
The Bole is commonly loaded with a little Small- 
ſhot or Mercury, to cauſe it to ſwim upright ; 
and its Weight is generally adapted to the Li- 
quors *tis intended to prove. The Neck is 
mark'd with equal Divifions, commonly pur on 
the Out-fide. The large Part or Bole of this 
Machine is ſuppoſed to be compar'd with an 
equal Quantity of the Fluid in which *tis im- 
mers'd. The Stem, as tis ſmall, happening to 
be more or leſs immers'd, makes no great Dif- 
ference, The heavier the Liquor, the more 
buoyant it is found to this Machine ; and the 
lighter, the leſs will it be ſupported therein. 
In Vinegar or Pickle, for Inſtance, *twill not fink 
near ſo deep as in Spring-water : This again, 
having more Salts in it than Pond or River Wa- 
ter, wherein they have had more Time to ſub- 
ide (which they conſtantly do, forming thence 
dime or Mud proper for manuring of Land) 
will bear it up better than they. In Wine this 
Inſtrument will be leſs ſupported ; and in ſpiri- 

* uous Liquors made more light or ſubtiliz'd 
Diſtillation, it will fink more or leſs according 
to their Quality or Degrees of Strength. 


Tus lighteſt Waters are the moſt wholeſome, - 
tho they may perhaps be generally leſs palatable 
than thoſe that are heavier, Water that has been 

' . fil 
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filtrated thro' a thick Fannel, or lated 
thro' the Pores of a looſe and ſandy — will 
be very light, clear and good. But Water di- 
ſRill'd, tho' it may be very light, yet wanting a 
due Mixture of Salts, will be both inſipid and un- 
wholeſome. Sir Isa Ac NewTon's Definition 
of Water is, That it is a fluid Salt, volatilt, 
and void of all Savour or Taſte. . 


| 
| Sucn Wines as have a natural Sugar in them, 
| and are therefore more viſcid and ponderous, 
| as Canaries, and what are uſually call'd the 
| rich Wines, ought not to be taken too liberally: 
They are too nutritive alone, and ought to be! 
| well diluted with Water; and ſuch will always be t 
| found very buoyant to the Water-poiſe. The 
| lighteſt Wines, that is, the lighteſt in the Ba- © 
| | lance, are generally the moſt ſpirituous, there - f 
fore worſe to digeſt or be overcome by the Vi] ci 
Vitæ of Animals. Witneſs Champaign; Toc- WW 'ti 
kay, &c., which of themſelves are too ſtrong Wl gi 
and noxious; if drunk alone in great Quanti- 
ties; but if mix'd with Water, in the antient | 
Way, ſo making a Fluid ſpecifically heavier are W 
fafe ; being brought down thereby to the Com gla 
dition of weaker Wines. cor 


AND for the ſame Reaſon, Diſtill'd Liquors, ſibl 
having too great a Degree of intenſe Heat in Gl: 
them, can never be fit for common Drinking riſe 
alone. Theſe Things being mixed with the juſt 
Blood, and other animal Juices,” are rather apt ¶ Air, 

to thieken than render or keep them fluid. 


publick Diet the- common Knicks 
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of this Sort, would therefore doubtleſs be attended 
with very happy Conſequences, and particular- 
ly with regard to the Health of'thoſe who ſhall 
be thereby reclaimed. 


As to Punch: The Mixture of the Acid and 
Sugar diſſolved in Water, may poſſibly have been 
taken at firſt from the diluted Oxymel of the an- 
tient Greeks, or more probably from the Sher- 
bet now in uſe among many of the Afraticks 
and the Brandy, Rum, Arrack, &c. are added 
to give it a vinous Strength, agreeable to the 
Taſte and Appetite, or perhaps the Wants, of 
northern Stomachs. In this Mixture the 
Fluency of the Spirit is pretty well corrected by 
the Viſcidity of the Sugar; its Levity by the 
Gravity of the Acid, and the poignant Stre 
of all theſe Ingredients being lower d by a 
ficient Quautity of Water, it becomes an artifi- 
cial Wine, both wholſome and pleaſant; and 
tis tharefore a favourite Liquor with the Eng- 
3s. | 


Taz ſpecifick Gravities of Red-=wine and 
Water will appear to be different, if a'ſmall 
glaſs Bolt-head, as A, Fig. 3. Plate y. full of 
common Water, be inverted into a Glaſs of 
Claret, B. The Water being heavier, will vi- 
ſibly deſcend, and take Place at Bottom of the 
Glaſs; and the Wine being more light, will 
iſe through the Body. of Water by degrees, for 
juſt the fame Reaſon as Smoke does in ſerene 
Air, and take its Place at the Top of the Bolt- 
bead, till at length all the Wine ſhall have 

: | 4 taken 
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taken Poſſeſſion of that Machine, and all the 
Water of the other ; as from their differentGra- 
vities they are inclined to do. 


I T is a common Experiment, to pour Red- 
wine upon a Quantity of Water in a Glaſs with 
a ſteady Hand; putting a Bit of thin Bread or 
Paper firſt afloat in the Water, to eaſe the Fall 
of the Wine into the heavier Fluid, that the 
Section, where the two Liquors part unmirx'd, 
may be better obſerved. Then with a Pipe either 
the one or the other of them may indifferent) 
be drawn off firſt. 


Wurx Water and this colour'd Wine how- Wt © 
ever are heedleſly jumbled together, and have / 
their Parts intangled as it were one among an- 
other with a Shock, they then cannot fo eaſily 
be ſeparated again, their Tenacity in great mez- 
ſure preventing it; they therefore remain thence- 
forward incorporated together, and as it were 
one homogeneous Fluid. However, as theWine 
and Water thus mixed, make a Body ſtill lighter 
than Water alone, if the Bolt-head abovenam'd, 
full of common Water, be again inverted into 
this Mixture, it will appear to riſe therein a 
the Wine did at firſt, but not fo briſkly. 
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The PRINCIPL ES, on which the Hy- 
DROSTATICAL BALANCE ads, 


demonſtrated, | 


AVING before prov'd, That the whole 

Weight of a Body ſpecifically lighter 
than Water, is equal to the Weight of a Quantity 
of Water the ſame in Bulk to the immers d Part 
of that Body; it comes next to be conſider'd, 
That all Bodies ſpecifically heavier than Water, 
biſe as much of their abſolute Weight, in Water, 


os a Quantity of Water in Bulk equal to them- 
ſelves ſhall weigh. , 


To prove this Propoſition experimentally ; 
Take a Cylinder of ſolid Lead, exactly fitted 
to, and filling a hollow Cylinder of Braſs ; ſuſ- 
pend the Lead at one Arm of a Balance; coun- 
terpoiſe it with Weights at the other, of which 
let the hollow Cylinder, fill'd with Water, be 
a Part, Immerſe the Lead, ſuſpended as it is, 
in a Jar of Water held in the Hand, not ſuf- 
tering it to touch either the Bottom or the 
sides, and Weight will ſon appear to be loſt ; 
which, on emptying the holldw Cylinder on 
the other Side of its Water, will appear to be 
immediately reſtored. 


As a farther Evidence of this, let the ſolid 
Cylinder be ſuſpended as before. Put the hol- 
low one in the Scale on the ſame Side, void of 
Water, and counterpoiſe them juſtly. Immerſe 

| the 
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the Lead ina Jar of Water, as before, and the 
Weight loſt thereby, on filling the hollow Cy. 
linder beforefaid with Water, will be replac'd. 


AGAIN; The Weight loft by any Body, m 
Immerſion, will always be communicated to the 
Fluid wherein tis put. To prove which, weigh 
a Jar of Water, and let the hollow Cylinder be- 
fore-fhentioned empty, be a Part of theCounter- 

iſe. Let then the Lead, held by a String, be ſo 
immerſed that it may neither touch the 3 
or Sides of the Jar; and the Increaſe of Weight 
found, will be again exactly counterpoiſed by 
filling the hollow Cylinder in the oppoſite Scale 
with Water. 


Now to account rationally for the Iofs of 
Weight on the Immerſion of the ſuſpended 
Lead, it muſt be conſidered, That the Solid will 
then take up a Space in the Fluid, which would 
otherwiſe have been fill'd by a Portion of Water 
in Magnitudeequal thereto; which Fluid would 
alſo have been every way buoyed up, and fu 
tain'd in its proper Place, by the Parts of the 
Flaid adjacent; the Efforts whereof, upon put- 
ting in the Lead, are then transfer d to and ad 

ainſt the Sides of the ſolid Matter, thus ſub- 

tuted, in order to ſupport the ſame, 


And with regard to the additional Weight, 
or that acquired by the Fluid in which the 
Lead is itnmers'd, it muſt be obſerved, Tha 
on ſuch Immerſion, the Water is made 0 
riſe in the Jar in a juſt Proportion to the Bulk 


0. 
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of the Body immers'd, which then being ſub- 
ſtituted in the Place of ſo much Water, may 
well be confider'd as a like Bulk of Water 
added; and therefore muſt be expected to preſs 
the Scale as much as an equal Quantity of 
Water added would have done. 


Kine Charles the ſecond, who encouraged, 
and indeed incorporated the Royal Society, would 
ſometimes come and fit among them as Preſident. | 
At one of thoſe Times, tis ſaid, His Majeſty | 
diverted himſelf with enquiring ; Why a Fiſh | 
of a Pound Weight, being put into a Pail of | 
Water, before juſtly counterbalanced in a Scale, 
was found not to augment the Weight of the 
Pail, ſo long as he ſupported himſelf therein, 
on his Fins ? After Deliberation and ſome De- 
bate, on a Propoſition coming from ſuch a Hand, 
One of the Members got up and told His Ma- 
jeſty; he doubted the Fact. The King merrily 
told him, ſo did he. Neither can it be doubted 
but that the Pail was really a Pound heavier, 
upon putting in the Fiſh, Had the Subject 
indeed been an inanimate Maſs heavier than 
Water, fo long as it was in the Article of Sink- 
ng, the Weight introduced, as if it had been 
held, ſuſpended or lowered down by a String, 
would, as in the laſt mentioned Caſe, have been 
only that of a Quantity of Water equal in Di- 
menſions to the immerſed Body; I ſay, during 
7 that Interval: But ſo ſoon as it ſhould have 
"hat reached, and came to reſt on the Bottom of the 
Veſſel, the Increaſe found would doubtleſs have 
+ 1k > that of the Body's ablolute Weight 


As g 
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As Bodies ſpecifically heavier than Watet, 
when immerſed therein, loſe of their abſolute 
Weight taken in the Air, what an equal Quan- WW 
tity of Water in Air wou'd actually weigh; by WW; 
conſequence, The Difference of the Weight if 
any ſuch Body, taken firſt in Air, and afterward; 
in Water, will aways be the juſt Weight of « 
Quantity of Water, equal in Bulk and Dimenjim 
to thoſe of the Body under Confideration, and wil 
be at all Times fairly comparable with it; which 
being the Principle whereon the Experiments 
on the Hydroſtatical Balance chiefly depend, 


requires a very particular Regard. 


Tuts famous Propoſition was firſt found by 
ARkCcniMEDES, on the following Occaſion 
HieRo, King of S:cily, ordered the Workman 
a certain Quantity of Gold, to make the Crown 
Royal. It was indeed well defigned and finely 
embelliſhed ; but the Artiſt it ſeems had made 
free with ſome of his Majeſty's Gold, and had 
ſubſtituted in its Room an equal Quantity of 
Silver. On Delivery of the Work, a Suſpicion 
of Mal- practice aroſe ; the Crown was ordered 
to be ſurvey'd, and the Thing refer'd to Arcnt 
MEDEs, as a proper Judge of the Caſe, with 

nſtructions however by no means to deface the 
Workmanſhip. It lay long before the ſaid Re- 
feree, and the Maker thought himſelf pretty 
ſecure of His Perquiſite. It happened howevet 
one Day, as the Philoſopher was ſtepping nts 
a Bath, that he took Notice the Water roſe ih 
the Bath in Proportion to the Part of his Body Wap, 


immerſed. 
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mmerſed. From this Accident he received a 
Hint, Where with he was fo tranſported, that he 
mped out of the Bath, and ran naked about 


the Streets of Syracuſe, crying in a wild Manner, 
I have found it ! I have found it ! 


Is conſequence of this Speculation, he made 
two, Maſſes, of the juſt Weight of the Crown; 
one of Gold, the other of Silver. Theſe he ſe- 
verally let down carefully into a Veſſel of Wa- 
tet, wherein the Riſe of the Fluid might eaſily 
te determined by Meaſure. Being of different 
ſpecifick Gravities, they were conſequently of 
ifferent Magnitudes, and on Immerſion took 
p the Room of different Quantities of Water; 
comparing whereof with their abſolute Gra- 
ities in the Air, he became fully Maſter of the 
Relation, in Point of Weight, each of theſe 
Metals had to Water, and conſequently to 
ach other. He then ſerved the Crown in like 
Manner, and by comparing his Obſervations, 
e at length detected the Cheat, and fairly aſ- 
pned the Quantities of Gold and Silver con- 
ned in the Crown reſpectively. 


Lr 


n the Uſe Foy HryDiogfATICAL 


ALANCE, 


ä — 


HE Hydroſtatick Balance, in order to 
find the ſpecifick Gravity of Fluids, or 
W they differ from each other in Point of 
henſity, has commenly a Lump & ſolid Gla 
upes like à Heart, a kind of Wedge, th 
K 2 more 
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more eaſily to cleave and ſeparate the Parts gf 
thoſe Fluids in which it ſhall be occaſionally 
immerſed. Now this being made of Matte 
not liable to be injured by any Liquor, and df 
Weight ſufficient to fink in moſt, is convenient 
for the purpoſe, and is repreſented as in Uſe by 
A, Fig. 4. Plate 7. This Machine has a fixed 
Counterpoiſe for the other End of the Beam, 
as B, which, when the Glaſs is pois'd in rain 
or river Water, will keep the Balance-beam juſt 
level, whether it be put at the Top, the Middle 
or at the Bottom of the Jar. 


2 * * e= —_— 


Now all ſuch Liquors as are ſpecifically he WS x 
vier, that is, more buoyant than common W. 5 
ter, will require Weight to be added on the bo 
Side of the immerſed Glaſs, to reſtore the Equ- in. 
librium : And ſuch as are leſs fo, or lighter tha ve 
common Water, will require Weight to be a 
ded to the Counterpoiſe, to bring the Bean, 
which ought to be ſingularly good and trus 


to a horizontal Poſition. 


Ix comparing of two Liquors, in order tt 
find ſimply whether of them is the heavier, 't 
of no great Concern to know what the Bul 
or ſolid Content of our Eſſay-bubble A l 
Becauſe the Grains on either Side added, 9 ; 
bring the Beam again to a Level, will ſufic 
'ently determine how much a Quantity of then Sv 
equal to the Bulk. of the Bubble, differs froWuby 
rain or river Water, to which the Machine Mundi 
commonly adjuſted ; which is ſomewhat m\Wung, 
of Satisfaction than from the Hydrometer Agent 
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(WW be had. But how much the Denſity of the one 
1 WH exceeds that of the other, or generally in what 
Proportion, cannot be known till the Weight 
of our glaſs Machine, both in Air and Water, 
and conſequently the Weight of a Quantity of 
the Fluid under Conſideration, in Bulk equal 
thereto, with which it is generally compar'd, 


„de firſt adjuſted and found. 

1 | 

ult IT may here be remarked, that the Beam 
le, of the hydroſtatical Balance can't be well too 


light, if it be but equal to its Office, without 
yielding or ſpringing. The Way to prove 


e. whether it be true or not, is, when you have 
V bund any exact Equilibrium by it, to change 
thei boch Weight and Scales together, end for end; 
qu. and then, if no Alteration appears, tis perfectly 
nan well executed; otherwiſe not. 


can By A ſquare Piece of Paper, weighing but one 
true Grain, may without Difficulty be divided by 
Meaſure into two and thirty Parts of a Grain; 


nd if you defire your Beam ſhould be affected 


our Apparatus muſt be very light alſo ; leſt 
he Weight laid on the Point of Support, thould 
ake it too ſluggiſh to move ſo free and finely 
it properly ought to do. 


SUPPOSE then the Weight of our Eſſay- 
; ſroWubble 4, when taken in the Water, is one 
Wundred and eighty-two, and in the Air two 
t MV Bundred and fix Grains; the Difference, or 
renty-four Grains, is then the juſt Weight of a 


K 3 Quantity 


by the Weight of a few of theſe, the reſt of 
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Quantity of Water equal in Bulk and Dimen- 
fions thereto : Which being known, may be re. 
ceived as a general Standard whereby to eſtimate 
the ſpecifick Gravity of Liquors by ſuch Machine, 
For Example ; warm a Jar of Water pretty 
well, it will be thereby rarefied, and rendered 
fpecifically more light, and of conſequence the 
Bubble, before adjuſted to that Liquor cold 
will on Immerſion. fink therein. And by ad- 
ding Weight on the other Side, we may eaſily 
learn how much tis thereby become ſpecifical 
ly lighter than a like Quantity of Water cold; 
vis. by deducting the Weight found on Ex 

riment neceflary to reftore the Equilibrium, 
bs us ſuppoſe three Grains” from twenty-four; ¶ di 
ſo that the ſpecifick Gravity of the cold Wate Wl fil 
will be found to be to that of the hot, as 24 C: 
to 21, or 8 to 7. to 
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For Experiment's fake, ſuppoſe a ſeconi¶ ker 
Trial to be made the ſame Way, on a Fluid 
denfer than common Water; as ſuppoſe ſtrony 
Aſh-lees, replete with a lixivial Salt, or Ju 
bridge-water, mixed with chalybiate Matter, i 
which Caſe we are to add the Difference found 
on Immerſion of the Eſſay- bubble, ſuppoſe tout 


Grains to twenty-four ; the ſpecifick Grau [> 
hereof will then be rightly ſignified by tagl"ities 
Number 28, and an equal Quantity of tha bun- 
Liquors will be to common cold Water, as Y 


to 24, or 7 to 6; and tp an equal Quantity 
the Water before warmed, as 28 to 21, or 44 
3 ; and thus of any other. A cy 


Fo 
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Fox as Things equal ta a Third, are certainly 
ſo to each other; fo, by a Parity of Reaſon, 
Things differing from a Third in a known Pro- 
portion, alſo difter from each other in a known 
Proportion, As an Inſtance; Let X on Expe- 
riment be found three Ounces heavier than Y, 
known to weigh ten Ounces, and on Trial let 
Z be two Ounces lighter, twill follow, that X 
weighs thirteen of the equal Parts, of which 
Z weighs but eight: And that they relatively 
xe as 13 to 8. 


Tux ſpecifick Weight of equal Quantities of 
different Liquors might indeed be alſo found, by 
ling a ſmall Phial, of known Dimenſions and 
Capacity with them ſucceſſively ; which ought 
to be firſt exactly tared or counterpoiſed on the 
oppolite Side. Their ſeveral Weights then ta- 
ken by a nice Pair of Scales, and noted down, 
may afterwards be compared together tolerably 
well, And this was the Method the great 
Mr. BoyLe made Uſe of in theſe Enquiries : 
But in point of Dexterity and Cleanlineſs it falls 
ſhort of the Machine here recommended. 


In like manner might alſo the ſpecifick Gra- 
"ities of ſolid Bodies heavier than Water be 
and, was it practicable to reduce them by 
any Means to ſome certain or determinate Di- 
menſions, as to the Size of a cubick Inch, or 
he like: But that being not only laborious 
tedious and expenſive, but alſo inconvenient and 
auch leſs exact; the Beauty of the hydroſtatick 

. K 4 Balance 
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Balance will therefore appear in aſſigning their 
comparative Gravities, be their Figures never 
ſo various or irregular, with very great Truth, 
Eaſe, and Expedition, 


For the. weighing of Solids ſpecifically hea- 
vier, or which fink in Water, hydroſtatically, 
this Inſtrument is provided with a ſmall glaſs 
Bucket, marked C, Fig. 4. Plate 7. which in 
the Air is exactly counterpoiſed by B; and in 
Water, by adding the ſmall Weight D on the 
Bucket-fide at E, to counterbalance the Buoy- 
ancy of the Water on the Bucket ummers'd, 
By this Machine Fragments of ſuch Bodies may 
be weighed indifferently either in Water or the 
Air ; both which, in theſe Experiments, are al- 
ways carefully to be diſtinctly done; noting their 
ſeveral Weights, 


Tur Difference of their Weights thus taken 
in Air and Water, as has been ſaid, will be pre- 
ciſely that of a comparative Bulk of Water equal 
to the Magnitude of the Bodies immers d. For 
Inſtance ; a Solid, which in the Air weighs an 
Ounce, or 480 Grains, may counterpoiſe perhap 
only three hundred and twenty Grains in Water; 
the Difference of which, or one hundred and 
ſixty Grains, has already been proved, Page 130. 
to be the Weight of a Quantity of Water equa 
to the Body under Conſideration in Bulk. 


To find then the relative Weight,” or the 
Proportion that ſuch a Body bears to _ 


— — EI ee ny os an. 
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| the Rule is: To inquire how often the Weight | 
of an equal Quantity of Water, diſcovered as | 

above, may be found in the abſolute Weight of 

the ſame Body, taken in the Air; which in 

the laſt Example will turn out as 3 to 1. 


In order then to compare two ſolid Bodies 
of different ſpecifick Gravities hydroſtatically, 
s ſuppoſe Flint-glaſs and Magnet; take Frag- 
ments thereof, no matter how various in Weight, 
or how different in Form. In the Bucket C, 
weigh them ſeverally, firſt in Air, then in Wa- 
ter. But previous to the latter, Care muſt be 
taken to wet both the Bodies and the Bucket 
very well, that the Air, which is apt to adhere 
to Solids, and eſpecially to lodge and be retained 
in their Pores, may be firſt extricated thence ; 
otherwiſe the Bodies will be thereby more buoy= 
ed up than they ought, and the Experiment 
cen — — 2 — 


jual Ir may be obſerved by the by, that if thro* 
For the different Denſity” of Waters, either from 
Cold or otherwiſe, our Bucket ſhou'd at any 
hays WW Time happen to be a ſmall matter either too 
ater; Wl ponderous or too light, this ſhould be brought to 
and Truth and adjuſted before the Operation; either 
130 by adding Weight to the lighter Side, not to be 
equi i brought into the ſucceeding Calculation, or by 
adding ſomething ſpirituous, if the Fluid be too 

denſe, or a little Salt, if it prove too rare, till the - 
c the Balance is well ſettled and brought to its firſt 
wm adjuſtment, In Water then the beforeſaid Frag- 
, ment. 
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ment of Glaſs will perhaps fetch up but an 
hundred and twenty Grains, and the Magnet 
but ſevepty-nine ; theſe ſeverally taken from 
what they weighed in Air, an hundred and ſe- 
venty-one Grains, and an hundred and two, wil 
leave, for Example, fifty-one and twenty-three, 
the reſpectiye Weights of their comparative Bulls 
of Water: It thence appears, that Glaſs is to 
Water, as 171 to 51, or a8 3:4ta 1; and Magnet 
a8 102 to 23, or as 445 ta 1; Reduction 
of the Fractions equivalent, vis. % and t by 
croſs Multiplication, it will be found, that of 
conſequence Glaſs is to Magnet ſpecifically, in 
whole Numbers, as 3933 to 5202, or nearly a 
10 to 13 ; in a reciprocal Proportion. 


Once more: There are two irregular Pieces af 
Ore from different Pits to be examin'd, and hy- 
droftatically compar d. The abfolute Weight 
of A in Air, is 12 Qunces, B the other 14 
In Water A is counterpoiz'd by 7 Ounces, B by 
9. The Relation of the firſt to Water is «5 7 
to 5, of the ſecond as 29 to 11. Theſe reduced 
as above turn out as 77 to 145, nearly as 11 
to 20. | 


THz Truth of theſe Eflays will appear, by 
trying the Experiment on two or more diſtint 
Pieces of the {elf-ſame Metal, or Matter, whid 
however different in Magnitude, will be found 
nevertheleſs ta be of the {ame ſpecifick Weight, 
by the Method now prapaſed, if accurately pei- 
farmed, For Inſtance, cut a Copper Half-· penn 
into two unequal Portions, of which ſuppoſe A 

appeas 


5 
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in Air to weigh 104 1 Grains, N but 40. 
In Water M 94. NN 36. Theſe reduced make 
the ſpecific Gravitics of the two Fragments as 
940 to 896, which as the Numbers are high, 
is a Proof ſufficiently near, 


Any in this Manner are to be treated all 
other $ybje&s that will figk in Water, and not 
be damaged by the Experiment, whereby their 
Goodneſs in great meaſure may be often known: 
duch as Metals of all kinds; and Foſſils, as 
Ores, Stones, Gems and Things of like Sort. 
This Method is of ſingular Seryice in diſco- 
vering the Difference between Bodies of the 
ſme Denomination and Kind; for the ſpecifick 
Gravity of ſuch as excel being known, thoſe 
inferior in Weight may be preſumed to be infe- 
rior in Value and Goodneſs: At leaſt, counterteit 
Money may by this Method always be certainly 


known from true. 


Tar Africansare ſaid to he ſo dextrous at 
this kind of Cheat, and gild ſo artfully, that 
their bad Money will abide the Touch, and 
their Gilding ſo ſtrong as even fallow the Shears, 
i! the Piece he cut through. But tho Money 
of a baſer Metal may very much reſemble Gold, 
bear the Touch-ſtane, and even weigh as much 
iu the Air; yet will it never abide the Teft of 
the bydroftatick Balance; For, as it muſt ne- 
ceſſarily be made of coarſer Metal, or Matter leſs 
compact and mate porous, it will always be 

| more 
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more buoyed up in Water than genuine Gold in 
the like Circumſtance would be. 


By the ſame Method alſo, more exactly 
than by Meaſurement or any other Way, may 
be found the Cubic Content of any Solid, be it 
in Figure never ſo oblique or irregular, For, 
fince two hundred and fifty-three Grains arc 
found experimentally to be the Weight of : 
cubic Inch of Water ; if a Groce of Tobacco- 
pipes, for Inſtance, were propoſed as the Subject 
to be meaſured, and theſe ſhould weigh, ſuppoſe 
twelve Ounces Troy, leſs in Water than in the 


Air, the Analogy will then be : 


DD —P rm... 


As 253 Grains of Water, 

Are to 1 Cubick Inch : 

So are 5760 Grains, the Weight of a Piece 
of Water adequate to the Bulk of the Body un- 
der Confideration, 

To the Cubick Inches they contain, that is 2; 
nearly of burnt Clay. | 


Mr. Warp, in his Young Mathematician's 
Guide, gives the following Table of the ſpeci- 
fick Gravities ; which being ſufficient for com- 
mon Practice, will here be not improperly in- 
ſerted : By help whereof either the Magnitude or 
the Solid Content of any Thing ſpecified therein, 
be it in Shape never ſo irregular or uncouth, may 
be found by the following Proportion, from it 
abſolute Weight in Air only, vis. 


As 
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As the tabular Number, according to the Sub- 
jet, under Confideration.” 

Is to one Cubical Inch: 

So is the abſolute Weigbt of a Piece of wrought 
Plate, 7 e, or otber Matter conſider d. 

To the ſolid Inches contained therein. 


So that a Piece of wrought Plate, weighing 
100 Qunces in the Scale, will turn out in Cubic 
Meaſure juſt 18 Inches. And a Marble Figure 
which weighs 120 Pounds will be found to want 
about 504. Cubic Inches of two Feet ſolid, ' 


CD * += % 
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De T'ABLE. 
The Cubict Onuntes } Othices 
neh of . | Advird. 
* 5 CTY: WT — 
Fine Gold - -| 16,3592 | 11;3056 
Standard ditto - 9,9626 10,9304 
Quickfilver - - 7.384 8 8,1017 
Lead * . -] 55 840 6419 
Fine Silyer - -| 5,8500 6,41 
Standard ditto | $5507 6.5963 
Rofe Copper 4.7471 5,2683 
Plate Braks = 1 4.4042] 4.8321 
Caſt Braſs - 4, 2724] 4,6303 
Steel - - 4,1421] 4.5445 
Common Iron] 4,0313] 44239 
Block Tin - -| 3,8615 4230 66 
Fine Marble -| 1,429 1, 5688 
Common Glaſs | 1,360 1,4930 
Alabaſter - o, 9884] 1,0844 
Dry Ivory - -| 0,9621] 1, 0555 
Dry Box - -| 0,5432| 90,5900 
Sea Water - -| 0,5427| 0,5949 
Common Water 0,5274| 0,5787 
Red Wine -| 0,5237| 0,5740 
Proof Spirits -| - 0,4892 0,530 68 
Dry = -| 0,4890| 0,5305 
Linſeed Oil -] 0,4916| 0,5393 
Oil-Olive - -| 0,4815 | 0,5203 


Hexci 
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HtxcEt we may obſerve, that Standard; or 
Cuinea-gold, is as 9962; Standard Silver, as 
5550 Caſt Braſs, as 272 3 and Lead, as 5984, 
> common Water, which is about five hundred 
nd twenty-ſeven of thoſe Parts: So that being 
righed therein, Gold ſhould loſe about a nine- 
zenth,, Silver little moro than a tenth, Braſs 
bout an eighth, and Lead an eleventh of its 
eight in Air. And if an hundred and 
enty-nine Grains of each of theſe, the 
eight of an unworn Guinea, be ſeverally 
Kighed in Water, the Gold will, on Experi- 
ent, turn out an hundred and twenty-two 
fins; the Silver about an hundred and fifteen 
tuns; the Braſs, which takes up more than 
ice the Bulk of Gold, an hundred and thir- 
en Grains; and the Lead about an hundred 
d ſeventen Grains: And if on the Eſſay they 
d not ſo, they are either naught, or different 
om what they ought to be. 


Hap Capt. Damgrer known this Method 
determining the genuine Value of Metals; 
had perhaps ventur'd to traffick with the 
ans at the Baſbee Iſland, for ſome of their 
low Rings; which he ſays in his V 

bad no great Eneouragement to do, wor 
0 able to determine Whether they were 
d or not. 


SUCH 
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Suck Bodies as will diſſolve, or be damaged 
in Water, may be weighed in Oil of Turpen- 
tine, in which no Salts, Vitriols, or acid Subli. WW | 
mates, will melt, proceeding as with Water, WW « 
conſidering only, that two hundred and twenty © 
one Grains area ſolid Inch of this Fluid. i 

| ; . 
W 


To conclude this Subject: The Equilibrium 
of Bodies in the groſs Air, if they be very dif 
ferent in Magnitude or Dimenſions, will 50 
continue in Yacuo ; becauſe when two Bodies 
compared are unequal in Bulk, the greater taking 
up a greater - and protruding more Air fron 
its Place, will be more buoyed up thereby tha 
the other; and when this Support comes to 
withdrawn from both, the bigger muſt of cout 
preponderate. 


THERE are therefore fitting Seaſons w 
Gold or Jewels may, ſtrictly ſpeaking, be bouy 
or ſold to moſt Advantage. It Gold be weight 
againſt Lead; that, as has been faid, takes 0 
but half the Room of this; if againſt Br. 
which is lighter, and therefore ſtill more bul 
for its Weight, the Gold will of conſequence! 
leſs buoyed up by the ambient Fluid, than tl 
Weights wherewith it is compared. And, fr 


5 1 | 


the exacteſt Equilibrium of this Sort that mi A 
be made, was the Air to be withdrawn, Wugh: 
Weights would certainly preponderate. * 
: educ 
NoWrath 
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Now, from the Alterations on the Barometer, 
we know the Air is capable of being on Occa- 
fons about a tenth heavier at one Time than 
another. Whenever it is moſt denſe, it will 
of courſe be the moſt buoyant ; and the contrary 
when it is more rare. If the things com- 
pared be ſpecifically of the ſame Weight, they 
will be no doubt equally affected by any Alter- 
ation therein; when they are otherwiſe, a Dif- 
ference will appear if it be in your Choice 
therefore 4 to to buy Gold, doit — as 
the Air is lighteſt, or in foul Weather ; and if 
you can chuſe when to part with it, let it be in 
ir Weather, when the Air is the moſt buoyant, 
ud has the greateſt Weight or Denſity. | 


Bur for Jewels take the contrary Method; 
they being nearly of the ſame ſpecifick Weight 
vith Chryſtal, are to the Braſs, againſt which 
ey are uſually weighed, about as 1 to 3, or ac- 
ording to the late Obſervations of the ingenious 


Ellicot, F. R. S. the Diamond is to caſt Braſs 


ſt to purchaſe them, and ingecd all other 
gut Commodities, whentheAir is moſt buoyant, 
nd to ſell them hen it is leaſt fo. 


Axyp for a like Reaſon, the Dealer's Weights 
ght always to be be made of the pureſt Metal, 
rhich being never ſo porous as the coarſe, will 
duce their Size; and 'tis allowed, that in 
Noack the Advantages ought in Juſtice to lie 
n the Side of the Buyer. 
L Uron 


bore exactly 28 5 to 16. It will be therefore 
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Uron this Principle ſome; have contrived an 
Inſtrument called the Manometer; which is no 
more than a nice Balance-beam, having a hollow 
Globe or Glaſs hung in Freedom at one of its 
Arms, and a Counterpoiſe of Metal added, when 
the Air is in a middle Way, at the other, with 
Intention to diſcover thereby the Rarity or Den- 
ſity of the Air. Whenever the Air became more 
buoyant, the Globe, being larger in Bulk, and 
conſequently more ſupported than the Weight, 
would riſe ; and the contrary, when it came to 
be more rare. The Balance-cock, on a circular 
graduated Scale, was made partly to point ou - 
this Variation. But as this Machine can ſben f . 
nothing more than what the Barometer in a much | 
better Manner will do, it is enough to have 1 

8 
T 


mentioned it. 


P NE UP: 
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PNEUMATICKS. 


SEA NEUMATICKS, a Siſter-ſcience 
of the HyDprosTATICEs, treats of 
dhe Nature and Properties of the 
Air, its Motions and Effects, in the 
lame manner as the other does of thoſe of Wa- 
ter and the groſſer Fluids. It is commonly re- 
ceived among us for the Doctrine of the Air, or 
the Laws whereby it is condens'd, rarefy'd, 
gravitates, and the like. | 


The PrOPERTIES of the Alx deſcribed. 


HE Air is a thin flaid Maſs of Matter, 

which hangs about, and revolves along 
with the Globe of the Earth in its diurnal Mo- 
tion on its own Axis, and attends it on its an- 
nual Journey round the Sun. Let the Body 
of the Earth be repreſented by a Peach, the 
Air will be apply fignify'd by the Down grow- 
ing on its Surface, n ; 


Tur whole Body of the Air, together with 
E U the Smoke, Exhalations and Particles of a dif- 
krent Kind floating in it, are in general called 
the Atmoſphere, 
L 2 THnarT 
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THAT the Air is a Body, appears from its 
excluding other Bodies from the Place where it 
is. For Inſtance ; if we turn the Mouth of an 
empty glaſs Jar down into another full of 
Water, but little Water will get Admittance 
into the ſmaller Veſſel; and that only from 
the Compreſſure of the Air, by the Weight of 
Water endeavouring to enter, and the Air will 


poſſeſs the reſt of the Room. 


Tra the Air is a thin and yielding Fluid, 
whoſe Parts eaſily glide, and are moved one 
among another, is not denied by any. It ws WM £ 
proved Page 108, to bewithout Tenacity, much 
leſs can it have any Attraction or Coheſion of 
Parts, which its Compreſſibility and Elaſticity alſo 
ſufficiently evidence. 


TAE Particles of the Air are indeed fo fine, 
that they eſcape the Notice of our Senſes; they 
are not ordinarily to be perceived either by the 
Touch or the Sight: But yet when a Quantity 
of it ſhall be thruſt together, as in a tight for- 
c:ng Syringe, ſtopp'd at the End, the Reſiſtance 
againſt the Piſton is ſuch, that if the Mate- 
rials do not give way, no Power whatever will 
Dong. Fant Piſton down. Thus by Force, may 
Air be ſqueezed together, or compreſſed ; andi T 
in puſhing down our Piſton, it may be obſerved,this | 
we ſeem to work againſt a very ſtrong Spring {Tent 
which is one very ſenſible Inſtance alſo of the mon 
Elaſticity or Spring of the Air. cher: 
| TA the 


5 
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THAT it is elaſtick, or endowed with an 
admirable Spring, appears alſo in Part by its 
conſtant Endeavour to maintain an equal De- 
gree of Denſity in all its Parts; and by its im- 
mediately falling into Motion to make good all 
Deficiencies whenever they cafually happen 
therein. 

THAT it is heavy, appears by its Preſſure 
on all Bodies expoſed thereto ; and eſpecially 


by its counterbalancing and ſuitaining all the 
groſſer Fluids in elevated Pipes to a certain De- 


Free. 


Tux Weight of the Air was proved by an 
iment propoſed Page 12. whereby a Quart 
of Air, of the common Degree of Denſtty, 
near the Earth, will be generally found to weigh 
about twenty Grains Troy, To corroborate 
which, Air of the common Degree of Denſity, 
may in ſuch a Veſſel be ſtill more condenſed 
by the Injection of other Air from a forcin 
Syringe, upon which a conſiderable Increaſe © 
Weight will be found. And thus is the Gravity 
of the Air, not ſuſpected by the Antients, be- 
come inconteſtable with us. 


Wt RR Re 


TAE World is indebted to GALILEO for 
this notable Diſcovery. He found by Experi. 
Wnecnts, that Water might be raiſed by the com- 
non Pump to a certain Height, and no far- 
cher: Whereas had Nature abhor'd a Vacuum, 

the Philoſophers then thought, it might have 

L 3 been- 
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been raiſed indefinitely, as far as a Vacuum 
could be made. But this not appearing on the 
Trial to be ſo, he happily thought of the Coun- 
ter- balance of the Air's Preſſure, which Hint 
_ToRICELLIUs, BORELLI and later Philoſophers, 
the Engliſb eſpecially, have fince purſued and 
very much improved upon. 

THESE Gentlemen conſidering, that ſince 
the Weight of a Column of Air from the Earth 
to the Limits of the Atmoſphere, was found 
equal to a Pillar of Water of like Dimenſions, 
about thirty-five Feet in Height, and that as 
Mercury was fourteen times heavier than Water, 
twas probable one fourteenth Part of thirty-five 
Feet of Mercury would in like manner be an 
Equipoiſe thereto, Accordingly they took ſeve- 
ral Tubes of Glaſs, hermetically ſealed or cloſed 
at one End, filled them with Mercury, and 
then inverting their nether End into a Ciltern of 
the ſame, found that Part of the fluid Pillar, 
when held perpendicular, ſtill lowed-out, and 
that the other Part remained ſtanding, as they 
expected it would, much about the ſame Height 
in all, This being noted on the Glaſs, and 
divers Alterations in the Height of the Mercury 
ſrequently appearing, after a long Series of Ob- 
ſervations, it is at length agreed, That the Preſ- 
ſure of the Atmoſphere, when leaſt in very 
foul and ſtormy Weather, is much about 
equal to the Weight of twenty-eight Inches of 
Mercury; and in fine and ſerene Weather, that 
it will ſupport about thirty-one Inches of that 
Fluid: Between which Extreams, all the ar. 

1 [ 


NATURAL and ARTIFICIAL. 151 


that happen in the Weight of the Air near the 
Surface. of the Earth, are generally found to be. 
And to theſe Experiments 1s owing the Inven- 
tion of the Barometer, or Weather-Glaſs ; 
which, being well made, is a very curious Ba- 
lance for determining from time to time the 
general Alterations in the Weight of the Air, 
and conſequently is of great Uſe in foreſhewing 
often what Weather may be expected. 


On the BAROMETER. 


I E moſt ſimple, and indeed one of 
the beſt Barometers, is this but now de- 
ſcribed, and is what any Perſon may himſelf 
make, having a clean glaſs Tube, cloſed at 
Top, more than thirty-one Inches long, and 
of any convenient. Diameter ; but the larger the 
better, that the Attraction of Coheſion between 
the Fluid and the Glaſs may be no conſide- 
rable Hindrance to the Execution and Perfor- 
mance of the Machine. Fill ſuch a 'Fube with 
pure Mercury, which may be beſt done by 
Help of a ſmall Funnel that will ſuffer it to 
pals only in very ſmall Drops; by the ſucceſ- 
ive falling whereof into the Tube, the Air will 
be extricated from the Mercury pretty well; 
and the Column of Mercury viewed thro” the 1 
Glaſs, will then reſemble a Rod of, Steel finely 1 


+ a4 „ 
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into the Ciſtern, and the reſt will be ſuſtained 
in the Tube to the Height of twenty-nine Inches 
and a half aboye the Surface of the Quickfilver, 
in the Ciſtern, if the Air happens to be of a middle 
Weight, and theWeather N If it be in. 
elined to fair, the Mercury will ſtand ſomewhat 
higher ; if foul, it will ſettle ſomething lower, 


To prove that it is the Atmoſphere's Preſſure 
pn the Surface of the Quickſilver below, which 
ſupports the Mercury in the Tube ; put the 
Barometer, thus made, under an Apparatus that 
may be exhauſted of Air; z and as this by the 
Pump is gradually done, the Mercury in the 
Tube will be ſeen to fall proportionably. When 
the Air is wholly drawn off the Mercury wil 
lie quite level at Bottom of the Ciſtern; and 
when the Air is let again into the Receiver, the 
Mercury will be preſſed up again thereby, and 
riſe to the Height it ſtood at before, Thi 


Experiment is repreſented Fig. 5. Plate 7. 


THz immediate Cauſe of this Appearance, 
is doubtleſs from the Inequality of the Airs 
Preſſure on the Surface of the Fluid. Before ex- 
hauſting, the Air preſſed every Part of the Ciſtern 
of Mercury, exc Fro the Spot juſt beneath the up- 
right Tube ; the whereof was however then 

ually preſſed by a Column of Air of like Baſe 
and Weight with itſelf, which, had the Tube not 
difplaced and transferred its Preſſure elſewhere, 
would have been incumbent alſo on that ver In 
25 During the Exhauſtion, the Air's Prel- I de ſe 
is gradually W from off gs =: bodie: 


| 
| 
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Mercury and the Tube. When the Exhauſting is 
finiſhed, theſe being encompaſſed with Space 
void of Matter, and therefore without ſenſible 
Weight, the Mercury remains on a Level, merely 
from the fimply Direction of Gravity; but 
when, upon Admiffion of the Air, a caſual Preſ- 
ſure. is again laid both on the Mercury in the 
Ciſtern, and the external Part of the Tube there- 
to expoſed, ( Vacuity from its Situation and Cir- 
cumſtance being ſtill preſerved within it) the 
Riſe of the Mercury into the Void ſhews the 
Degree of the prevailing Preſſure of the Air 
and its Limits. 


To make this Matter plainer if poſſible, let 
ws attend to the following Experiment, made 
on a Fluid leſs denſe than Mercury. In order 
to which, exhauſt a Receiver, ſet on a ſeparate | 
Plate, of its Air, as repreſented in Fig. 6. Plate 
7. and you will have a portable Vacuum. 
Screw in a Pipe below; immerſe the End in 
Water, and on opening a Cock, the Fluid will 
nſe into the Receiver in a very ſmart Jet, 
which if required would mount perhaps thirty 
Feet high merely from the Prefſure of the ex- 
ternal Air. And was the fame Experiment to 
.de made on Mercury, the Jet would be found © | 
den d play juſt as high as the Fn in the Ba- 1 
ae meter would ſtand : Nor indeed is this any | 
not other than a Barometer in another Form. | 


ll Inzquatrty of Preflure, is in general, we 
rel re ſenſible, the Caufe of all Motion; and fluid 
the bodies very readily ſhew where and how they 
ler- | are 
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are preſs'd, by yielding the contrary Way: If 


the Preſſure comes from the Right, for Inſtance, 
they give way to the Left ; if from above, they 
always ſubſide; if from below, they conſtantly 
riſe, that the ü eſtabliſhed in N 


may be uniformly preſervedt. 


Brok e proceed farther on this Head, it 
may not be improper, for the ſake of Perſpicuity, 
here to introduce a ſhort Deſcription of the mo- 
dern Air-Pump. 


On the Air-PUMP. 


THE Air-Pump was firſt invented by 

Oro ; Gerick, of Magdeburg; but 
was rendered more practicable by Mr. BoyLs; 
and it hath ſince his Time been greatly improved, 
Fig. 7. Plate 7. is the Repreſentation of the 
Pneumatick Machine now in Uſe; wherein 4 
is a Receiver, ground level at Bottom, ſet on a 
wet. Leather, covering a flat Plate B, to be 
exhauſted of its Air occaſionally ; which being 
a Body dilating by its natural Spring, and there- 
in confined, . puſhes gradually from the Receiv- 
er, thro' the crane-necked Pipe C, as far as the 
Ciſtern D, wherewith the two Barrels E E 
communicate; and into which it gets from be- 
neath the Bladder- Valves tied over the Holes 
made for that Purpoſe, under either Barrel one. 


IN each Barrel is a moving Piſton, leather- 
ed upward, that it may ſhut off the Atmoſphere 
above, as FF, Theſe are drawn up and 2 

I own 
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lown alternately therein, by Means of a circu- 
ar Wheel full of Teeth, G, and a pair of 
Racks, marked R, to fit thoſe "Teeth, there- 
by conſtantly moved, the one up, the other 
down, when the Pump is in Uſe, by means 
of a Crank of very curious Contrivance, P, at 
every regular Revolution of the Winch or Han- 
de H. The Racks are kept from flying off 
om their Work by Rollers behind, which alſo 
aſe the Friction. 


Ix each of theſe Piſtons is ſuch another yield- 
Ing Valve placed, opening alſo upwards into a 
perforated Duct, by which the Air extruded 
from the Barrel at every Stroke of the Pump; 
hen the Piſtons deſcend, may get away. The 
tion of the two Valges, belonging to each 
Barrel, is as in the common Pumps, alſo alternate. 


Tux upper Air being cloſely ſhut from off 
be Barrel by the Piſtons and Piſton-valves, 
whenever thoſe riſe, Room is given for the in- 
mal Air of the Receiver to dilate, which by 
& elaſtick Quality it always endeavours to do, 
ad a Part of it thereupon puſhes out of the 
keceiver, thro' the nether Valve, into the Cham- 
rof the Barrel, where a Vacuum was left on 
+ Riſe of the Piſton. This, whenever the 
iltons deſcend, they would again condenſe, did 
ne. Wt the upper Valve, on the ſhutting of the other, 
ve Way, and thereby ſuffer it to eſcape. 


ere By. this Means de we gradually get rid of 
ruſt Woſt' of the Air included in a Receiver; - 
n 0 


* 
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ſo long as the Air is denſe or groſs, we parc; 
with it apace : But when it is much attenuated 
it lifts the Bladder-valves of the Pump but 
weakly ; the Operation then becomes more ſloy, o 
and when it is very much thinned, it will wan 
Spring and Power to lift them at all. For which, 
Reaſon, by the common Air-pump, the Ari; 
cannot be perfectly exhauſted from our Re 

ceivers, though as near as is 59 to 60 it d 


monſtrably may, it the Machine be good, 4 


Tur Racks and circular Wheel before men- ger 
tioned, in the ordinary Air- pump, are uſed ſome 
times to be turned by the Handle, firſt thi 
way, then that, ſtopping every Time the Rack 
comes. to 'the Bottom of the Barrel, by which 
Time in making Experiments is loſt : But the 
late Mr. VzEaM found out a Method of fink 
ing and raiſing the Piſtons, with a regular uns 
form going round of the Winch, whereby: 
Crank was always ſeemingly turned directly for 
ward. Now this Crank being communicated by 
Straps to the circular Wheel moving the Piſtons 
up and down, into which they were alſo fixedin 
a moving Centre, pitched at ſome Diſtance from 
the true Centre of the Wheel, in ſuch mannet 
that the Straps never paſſed the ſaid Centre; 
but when by half a Turn of the Winch and 
Crank, the Rack of one Piſton had been deprefled, 
by the other half Turn it was brought up againec 
and the other Piſton thruſt down: And this wi 
alternately done by the Rolling of the carcul: 
Wheel backwards and forwards, moved, as Wi 
ſaid before, at every Revolution of the * " | 

| ran 
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i cank, always kept in Motion directly forwards. 
n che Draught this Contrivance is pretty well 
1 repreſented ; and it might be applied to the 
ang of Water with two Pumps, worked 
by a Water-wheel in the ſame manner, were 
chere not in Uſe other Methods for that End 
ſs liable to F riction. 


To prove that the Air is really exhauſted, or 
leaſt very greatly attenuated, in the manner 
before ſpoken of, by the Air-pump, take a 
Receiver open at both Ends; the taller the better. 
Cover it with a Plate, having a wet Leather 
between it and the Glaſs ; 5 let there be 
Apparatus with a Hinge fixed, with a Con- 
rivance coming thro' a Collar of Leathers, that 
it may diſcharge or let a Guinea and a Feather, 
put Side by Side thereon, go at the ſame In- 
tant, Exhauſt the Receiver, and let them 
op together. Tho' one of theſe be the denſ- 
t and moſt ponderous of all the material 
ubltances we know, and the other one of 
laxeſt and moſt light, yet ſhall they in this 
e fall equally faſt, and viſibly come down on 
e Leather exactly together, Which will de- 
nonſtrate, that the groſs Air, always reſiſting; 
d confiderably retarding the Fall of light Bo- 
ics, is by the Pump really removed; and at 
e lame time ſhew, that in Vacuo, Gravity af- 

ts all Bodies equally. This Experiment is 
Wepielented Plate 7. Fig. 8. 25 


Moxrovrx, by Means of a Barometer com- 
wnicating with the Receiver, fixed beneath 
the 


and. L is another Cock, whereby the external 


- 'T has been already hinted, that the Column 
Plate 7, was of a juſt Weight with a Colu 


do preſſing the Top of our Tube at A, wi 
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the Frame, otherwiſe called the Gage: tube 
marked J, we are able to diſcover the gradui 
pproaches made towards a Vacuum, by the 

* 


iſe of the Mercury therein, from the Ciſtem 
at Bottom by the Ay's external Preſſure, always 
viſibly increaſing in a regular and juſt Proportion 
to the Abatement and Removal of . Air 


within ; as may be obſerved in the Experiment 


of exhauſting the Air, in order to bring down 
the Mercury mentioned Page 152; to very good 
Advantage. 440 


„u x Gage-tube may, on Occaſion, be 
ſhut-off from the Receiver by the Cock A; 


Ait may caſily either be ſhut off during the 
Time of exhauſting, or admitted again into the 
Receiver aſter tis over. 1 gh 


De Cask of the BAROMETER reſumd 


A of Mereury A B, in the Barometer, Fig. 


of Air of like Diameter with the Orifice d 
the Tube, reaching from the Ciſtern B, to the 
Top of the Atmoſphere; which Column GAs. 
the Barometer removed, would neceſſarily prek 
the very Point on which it now ſtands: But! 
the preſent Circumſtance, a Quantity of Mer 
cury adequate thereto in Weight, - is-ſubſlitutec 
within the Tube, in the Room 3 z ti 
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face of which, could the beforeſaid 
Air come at, would by its Wei 
preſs the Column of Mercury kept 
ary in the Tube, by the joint Pr 
e collateral Columns of Air ſurrou 
arked in the Draught by the pricke 
id had the Tube been cloſed at T 
ebe of Bladder only, on pricking a H 
this would TEENY appear, as u 
e tried. 


W. byſtroſtaticall know, That in: 
Tube, fourteen Inches of Water w 
bout Te un and ſupport an Inch 
t this be applied towards 
bg Ne Caſe of the Barometer befor 
Analogy between the Air in this 
Water in that, will appear. For! 
Hg. 10. Plate 7. is a barometri 
led with Mercury, ſtanding between 
Runter -balanced and ſupported by 
FAir reaching from the Ciſtern B, o 
b the Top og the Atmoſphere, ſupy 
between 2 and C is a Vacuum, in 
Mercury will riſe from the Ciſtern 
its counter-poiſing Column of 
Reomes more heavy; as, on the oth 
ill fall into the Ciſtern when it gr 
The Ciſtern B is uſually ma 
wee, and commonly cylindrical, that 
in deſcending — the Tube, n 
on a large Area, and not by 
Weight act againſt and counter-balance 
the Column in the Tube ſuſtained, \ 
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foreſaid Column 
ts Weight ſoon 
y kept thus ſta- 
oint Preſſure of 

ſurrounding it, 
pricked Lines; 
d at Top by a 
ng a Hole there- 
ar, as may eaſily 


hat in a recurv' d 
ater will much 
n Inch of Mer- 
owards explain- 
r before us, and 
n this Caſe, and 

For Example; 
rometrical Tube, 
etween B and C. 
d by a Column 
n B, open above 
e, ſuppoſe at D. 
am, into which 
Diſtern B, when- 
nn of Air B D, 
the other Hand, 
n it grows more 
ly made pretty 
A, that the Mer- 
ube, may ſpread 
ot by its proper 
balance too much 
ained, which was 


it 
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it ſmall or narrow, it neceſſarily muſt do. For 
the ſtationary Height of the Mercury is always to 
be reckoned from E, lying in the ſame Plane with 
B; whither it will, when at Liberty, riſe from 
the Ciſtern, as to its own Level, 


W as the Atmoſphere of the ſame Denſity 
from the Bottom to the Top, it would be ng 
great Difficulty, by the help of the Barometer, 
to determine its Extent ; it could not exceed 
five Miles and a half at moſt : But as the Air 
is a dilatable Fluid, expanding itſelf in pro- 
portion to the Abatement of Preſſure above, 
as alſo by the Increaſe of its Spring from Heat 
and other accidental Cauſes, we are not able 
to ſpeak of its Height with any great Certainty, 
Moſt of the Learned however judge it to be 
ſenſible to the Height of ſixty Miles; others to 
ſforty- five, ſtill growing thinner and thinner s 
it leaves the Earth, where the Air is denſeſt, 
the moſt compreſs'd, and therefore the moſt fi 
for animal and vegetable Uſe. 


AnD that the Air is really thus comprelled 
near the Earth, will appear on tying up 
ſmall Quantity of it in a pliant Bladder ve 
cloſe, putting it under a Receiver, and ex 
bauſting the Air from about it. For wh 
the Preflure of the outward Air is remov'd 
the incloſed Air will dilate itſelf every wa 
and ſwell the Bladder greatly; ſo much that 
it had happened to be well blown up before, an 
well tied, it wou'd very probably have beets 
burſt by the Experiment. The like * 

| p I 
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at leaſt in ſome Degree, was a Man 
A —. a flaccid Bladder from the Foot of 4 
Mountain to the Top; it would be ſenſibly 
found to grow more and more turgid, and that 
in Proportion to his Aſcent, and the Abate- 
ment of the Air's Preſſure from without. 
Lir the Air then be confider*d as a ſpungy 
WH compreffible Body, ſomething like Wool: If 
| 2 Handfut of which be preſſed cloſe together, 
WH it will, we know, be reduced into a very narrow 
- WH Compaſs; bat when left at Liberty, it will re- 
cer its former Bulk, by Virtue of the natural 
8 Spring” of its Fibres. And accordingly, were 
fFlecces of Wool laid on the Floor, ſuppoſe 
en Feet deep, the nether Parts muſt be more 
* WF compreſſed the upper, and that in Propor- 
oi tion to the incumbent Weight: And again, if 
v8 theſe Fleeces be gradually removed, the Fibres 
NY of the Wool being elaſtick, will ſtretch forth, 
fig endend themſelves, and occupy more Space than 
na State of Compreſſion they could do. 


col Tuvs is it with the Air: If we abate tlie 
Preſſure by aſcending an Eminence, Doctot 
XHEUCHZER'S'accufate Experiments made on 
he Mountains of Switzerland, inform us, 
That by the Time a Man is ſeven hundred 
ad ninety Foot above his firſt Level, the Mer- 
aty in the Barotneter, in ſettled Weather, 
Pl have ſubſided an Inch; at the Height of 
een hundred and ten Foot and a half per- 
e endicular, it will have ſank two Inches; at 
al M | two 
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two thouſand four hundred fixty-five Feet and 
a quarter, the Difference will be three Inches; 
at three thouſand. three hundred and fifty-fix 
Feet, four Inches; at four thouſand two hun- 
dred and eighty-ſix Feet, five Inches; and at 
five thouſand two hundred fifty-five Feet and 
a half high, the Mercury will ſtand fix Inches 
below what it would have done at the Level 
of the Sea: Whence it appears, that the Stages 
determining the Deſcent of the Mercury (an Inch 
for the firſt fix) are ſeverally very different, being 
denoted nearly by the Numbers 790, 820, 855 
891, 930, 969; which Spaces therefore would 
continue increaſing till the Atmoſphere above 
ſhould be of no Weight; by which Time the 
barometrical Mercury would be of no Height, 


ON the contrary, ſhould the Air's Preſſure 
on the Surface of the Earth be any way aug- 
mented, as by deſcending into a deep Mine, by 
the Time a Man ſhould be ſeven hundred and 
fixty Feet under Ground, perhaps, the Mercury 
will ſtand in the Barometer an Inch higher than 
it did at the Surface. But ſuch a Deſcent being 
neither practicable or over-ſafe, and as we have 
found that Water is about eight hundred and 
fifty times heavier than common Air, twil 
do as well to immerſe the Barometer, ſtanding 
according to the Preſſure of the Air on theWinati 

Earth's Surface at a certain Height, into tene far 
or eleven Inches of Water; and if the Mercury wh 
thereupon riſes about an Inch, we may thencagſÞr 
conclude, that if the Barometer had been lei 


dow! 
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down ſeven hundred and fixty Feet below the 
Surface of the Earth, the Effect had been the 


lame. 


Tux portable Barometer is the propereſt In- 
ſrument for this kind of Experiments, which 
differs from the Toricellian only, in its having 

| WT the ſuperfluous Mercury, or what is more than 
; WW ncceflary to form the ſtationary Column of the 
laid, inſtead of being in an open Ciſtern, as 
: WB, Eg. 9. Plate 7. incloſed in a Box, as A, 
Fg. 11. Plate 7. in the Bottom whereof is a 
boſe pliant Leather, having ſo much Play left, 
that it will eaſily become either concave, and fo 
kt down the Mercury from the Tube when 
the Air grows light; or convex, and fo thruſt 
up Part of the contained Mercury into the 
Tube when it becomes more buoyant, and 


g. {preſſes harder againſt it. Underneath the Box 
by Ws Screw fixed, and a falſe Bottom fitting the 
nd Leather, whereby the Mercury may, for the 
ry Wonvenience of Carriage, be raiſed to the very 


op of the Tube, and kept from jogging to 
nd fro to endanger its breaking. 


andi As Fluids at Liberty and. unconfined always 
will adeavour to maintain the ſame perpendicular 
tight, the barometric Mercury, whatever In- 
nation be given the Tube, being ſtill under 
it lame Degree of Preſſure, will do the like. 
which Caſe there will indeed be more Mer- 
uy thruſt into the Tube, which being ſlanted, 
Wecomes an inclin'd Plane, and which therefore 
its Sides is expected to ſupport the * 
M 2 9 
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of the Weight of Mercury contained between 
the perpendicular and ſlope Heights. 


On this Account, ſome have endeavoured to 
augment, or at leaſt to magnify, the Diviſions f 
on the Scale of the Barometer, that the Altera- WW * 
tions happening in the Weight of the Air might 
be the eaſier perceived; and accordingly have 
contrived a Tube, running ftraight to twenty. WM 
eight Inches, as AB, Fig. 12. Plate 7. and then 
bent by ſuch an Angle as will bring the upper 
Part to be about thirty-one Inches above the 
Ciſtern, If the Diagonal BC be thirty Inches 
long, the Riſe of the Mercury one Inch per- 
1 will cauſe it of courſe to traverſe ten 

nches of the Tube diagonally, But as there 

muſt conſequently be, in this Caſe, ten times 
more Friction between the Mercury and the 
Machine, as well as ten times the Attraction, 
this Inſtrument is in Practice found ſeemingly 
leſs exact than the other. 


SHOULD the barometrical Tube be taken" 
ſuddenly out of the Ciſtern at any Time, it 
may be obſerved, that the Column of Meri 
cury, ordinarily ſtanding ſome Inches below the 
Top of the Tube, will thereupon riſe, anc 


ſtrike againſt it with a kind of Shock. T be 
Reaſon of which is, that by the Suddenne 

of the Motion, Part of the Mercury will Hav 
made to quit the Tube, from the Vis Her Det 
tice of Matter; and the Remainder of t 1 late 
Column not being a full Counterpoiſe to tha” © 
Atmoſphere preſſing againſt it below, W, 7 
l * therefc — he 
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therefore be puſhed againſt the Head of the 
Tube with a Force equal to the Difference of 
the two Weights ; juſt as one Arm of a Balance 
ſes with Force, or kicks up, when its Anta- 
goniſt is overcharged with Weight, 


Ir might therefore be expected, that the 
whole Column of Mercury, in this Circumſtance, 
would be buoy'd up, or kept ſuſpended by the 
Puſh of the Air; and thus it would really 
happen, as in the pendent Barometer it does, 
was the Tube ſmall, and held exactly upright; 
or otherwiſe, one Part of the Tower Surface of 
the Mercury becoming ſomething longer than 
the reſt, by over-weighing and falling out of the 
Tube, would diſturb the reſt, and incline them 
uo to follow : For the Demonſtration whereof, 
Page 76. before-going. If ſome Water be pur- 
dlely put on the Mercury in making this Expe- 
ment, as the Mercury 4 deſcends from 
ie Tube, the Water, by the Weight of the 
imoſphere, will be forced up into the Va- 
ty, and fill the Pipe; which will give us an- 
ther evident Inſtance of the Air's Preſſure, 
d intimate the Manner in which it a&s in 
$W-au/icks, or the Practice of raiſing Water 
WW Uſe by the various kinds of Pumps. 


Having mentioned the Pendent Barometer,, 

t Deſcription of this Machine, as made by 
late Mr. PATRICK, will not be difa 

le to the Curious. The Tube 4, Fig. 13. 

fe 7. is ſtraight and flender, ſome what co- 

al, hermetically ſeal'd at Top, and is com- 


M 3 monly 
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monly five Feet or better in Length. The 
nether End is open, and always freely expoſed 
to the Air. The Tube is to be filled with 
Mercury purged of its Air, and turn'd gently 
down. What Mercury the Air ſhall not be 
able to ſupport, will thereupon fall away ; the 
reſt will return, vibrate, and hang ready, either 
to riſe in the Tube on any accidental Increaſe of 
Weight in the Air, or to fink in it, in Caſe of 
any Abatement therein; and by due Obſerva- 
tion, on a regulating Barometer the Marks may 
be afterwards added, and the Scales graduated as th 
Opportunity offers. 


( 


Tunis Inftrument has ufually two Scales to 
obſerve by; at either End of the Column d 17 
ſuſpended Mercury one. Theſe are common) þ 
fomewhat different in Length, and the Diviſion" 
not equal: For as the Tube is a little conica 
the Column of Mercury will neceſſarily be ſhort 
er in one Part of it than in the other. Thy 
Scales therefore of this Barometer are always 
be adapted ſeverally to each Tube. 


Tun Mercury in this Machine, inſtead « 
rifing and falling three Inches, as in the com 
mon one, will move in ſome ten, in others twen 
or thirty Inches perpendicular (according 3s t 
Tube happens to be more or leſs taper) whit 
makes the Alterations in the Air's Weight vl 
perceptible thereby: It is therefore a very g00 
but not a cheap Barometer; not one Tube in 
hundred being fit for the Purpoſe. If they 
nearly cylindrical, or over large, they will! 
do at all, 6 . [EM 
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Direcl ions for obſerving the WEATHER 
by the BAROMETER. 


EFORE we have done with this Sub- 


« Directions which the ſaid Mr. PATRICE, after 
long Experience, has given as the ſtandin 
Rules whereby the Alterations of the Weather 
might be generally prognoſticated by Help of 
the Barometer, and which are to be rationally 
accounted for on the Principles herein laid dawn. 


1. Tux rifing of the Mercury prefages in 
general, fair Weather; and its falling, foul 
Weather, ſuch as Rain, Snow, high Winds 
ind Storms. | 


2. In very hot Weather, the falling of the 
Mercury indicates Thunder. | 


3. Ix Winter, the Riſe of it prognoſticates 
Froſt ; and if, in froſty Weather, the Mercury 
flls three or four Diviſions, there will certainly 
blow a Thaw: But in a continual Froſt, if the 
lercury ſhould riſe, it will certainly ſnow. 


urs foul Weather happens ſoon after 
be falling of the Mercury, expect not much of 
And on the contrary, expect but little fair 
ather when it follows ſoon after the Mercury 


ls riſen, . 


M 4 $> 


ject, it may not be amiſs to ſubjoin the 


— 


— 
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5. In foul Weather, * the Mercury 
riſes much and high, and continues fo for two 
or three Day before the foul] Weather ſeems 
quite over, you may expect a Continuance of 


fair Weather to 1 


6. On the contrary; if in fair Weather the 
Mercury falls much and low, and fo continues 
for two or three Days before Rain comes, you 
may then expect a Regs deal of Wet, and pro- 
bably high Winds. 


7. THE unſettled Motion of the Mercury 
denates uncertain ang changeable Weather. 


8. Tux Words graved on the Plates are not 
ſtrictly to be minded, tho' for the moſt par 
the Weather will alſo agree with them, as to 
the Riſing and Fall af the Mercury: Fo it 
it ſtands at Much Rai, andthen riſesto Cheng 
able, it preſages fair Weather, tho' it will be 


been higher. And on the contrary ; if the 
Mcrcury being at Fair, ſhauld fall to Garg” 
able, it indicates foul Weather ; but not ſo much 
fs a+ if ® bad Guah wer: 


Oy *x53 


rr uy no 
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. Ir the Surface of the Mercury in the Tube 
hes convex, that is, higher in che Middle of the 
Tube than at the Sides, it is generally a Sign 
that the Mercury is riſing. 


2. Ir on the contrary, the Surface of it ad- 
pears concave, ot hollow in the Middle, it is cer- 
tanly ſinking. 


3. Ir its Surface feems to be plain, the Mer- 
cury is ſtationary ; or rather if i be a little 
convex : Since Mercury, being put into a glaſs 
Tube, eſpecially if it be ſmall, will naturally 
have its Surface a little convex ; becauſe the 
Particles of Mercury attract each other more 
torcibly than they are attracted by Glas. 


Ir the Orifice of the Tube be ſmall, al- 
ways ſhake the Barometer when you wou'd ob- 
lerve ; and if the Air is growing heavier, the 
Mercury will ordinarily riſe about half a Tenth 
o an Inch, perhaps higher than it ſtood be- 
fore ; if tis growing lighter, it will ſink as much. 
This proceeds from the Adheſion of the Mer- 
cury to the Sides of the Tube, which prevents 
the Freedom of its Motion, till the Parts are 
diſengaged by the Shock; otherwiſe the Mer- 
cary may not move of its own Accord, per- 
haps, till after the Weather it ought to have in- 
dicated is paſt. But if the Orifice of the Tube 
bx 2 Quarter of an Inch or more in Diameter, 
w uch Precaution is neceſſary. 


41 
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Some EFFECTS of the Aikx's PRtSsUgy 


deſcribed. 


HEN the Preſſure of the Air was firſt 
. diſcovered, according to the Fate of all 
conſiderable Inventions, it met with Oppoſers 
who objected, That if the barometrical Column 
of Mercury was really ſupported by the Air, 
it ought to have no Weight when proved by a 
Balance ; which on the Trial will not appear. 


THE Air's Preſſure, by the fore-mentioned 
Experiments being undeniably proved, makes 
this Objection ſcarce worth a Reply. Howe- 
ver, to prevent the Triumph of ſuch as had r- 
ther contend for Victory, than ingenuouſly 
ſubmit to Conviction,” and own the Truth, we 
anſwer : That the Materials of which the Baro- 
meter is made, are all equally preſs'd, and 
equally buoyed up by the ambient Air, as well 
ſeparate, as when put together ; they are there- 
fore, in either Circumſtance, of the ſame abſo- 
Jute Weight. And tho' the Column of Ar, 
Fig. 10. Plate 7. B D, or one in all Reſpecb 
equal thereto, does certainly ſuſtain the Column 
of Mercury E C, in the Tube, which has 2 
Vacuum of no Weight above it; yet as there 
is a Column of Air A G, very nearly of equal 
Weight with B D, preſſing on the Head of the 
Tube, and not to be removed thence; therefore 
it is that on the Experiment, no Difference in 
Point of Weight appears. Whereas, was the 


gen” wry gm—_—_ Fr. 


— ms na 
— 


NATURAL and ARTIFICIAL. 171 


Experiment to be made on a Tube that would 
reach beyond the Limits of the Atmoſphere's 
preſſure, or could the Preſſure of the compa- 
tative Column of Air A G by any Means be re- 
moved from off the Head of the Tube, no 
doubt a conſiderable Difference, equal to the 
Weight of the Column of Mercury ſupported, 
would then be found. 


Is like manner, the Pillar of Mercury in 
the Pendent Barometer, which 1s evidently ſup- 
ported by the Preſſure of the Air beneath, is no 
manner of Weight on the Hand; but yet, as a 
counterpoĩiſing Pillar of Air muſt be allowed to 
depreſs the upper Part of the Tube without, 
juſt as much as the Mercury therein ſupported 
may be allowed to weigh, no Difference in point 
of Weight can appear; and our Senſes may be 
admitted eaſily to deceive us in this Caſe, as to 
the Thing we do certainly lift. 


IT alſo may be confidered, that in worki 
the Sucking-pump, it is not the Weight of the 
Water drawn, that lies a ſenſible Burthen on 
the Hand; for that is evidently, weigh'd, or 
puſh d up the Pipe, by the Incumbency of the 
Atmoſphere on the Water in the Well: But: 
then in order to make the Vacuum, that it may 
iſe, we lift a Weight juſtly counterpoizing the 
me, viZ. that of the Column of Air, unavoid- 
ably reſting on the Bucket above. 


Tur determinate Quantity of the Air's: Preſ- 
lure depends on the State thereof at the Time 
6 cf 
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of Trial. When tis heavieſt, fourteen Pounds 
eleven Ounces Avoirdupoiſe is found to pres 
on every ſuperficial Square Inch contained in 
all Bodies expoſed thereto ; and fourteen Pounds 
one Ounce when it is lighteſt. At a Medium, 
a circular Inch is ſubject to the Weight of about 
twelve Pounds, ſo much being required to raiſe 
the Piſton of an exhauſting Syringe, well clos d 
at Bottom; which therefore we may take as the 
general Standard for finding the Quantity of the 
Air's Preſſure on any circular Plane whatever 
_ (fince the Areas of Gireles are proportionate to 
the Squares of their Diameters) by this Analogy: 


As 1, the Square of the Diameter of one Inch, 

Is to 12 Ponds, the general Preſſure therem : 

So is the Square of any Diameter propoſed, 
To the Air Preſſure on the Area of the Circl: 


correſpondent thereto. 


To prove this Fact; take a Pair of braſs He- 
miſpheres, ſuppoſe three Inches and a half over, 
Put a Ring of wet Leather between their Feger 
which ought to fit each other very well. Ex- 
hauſt the Air from between them, and they 
will require a Pull, as by the Steel-yard may 
be tried, of near an hundred and fifty Pounds 
to part them; and yet they will fall aſunder by 
their dn Weight in Vacuo. The firſt of theſe 
Experiments is repreſentd Fig. 14. the other 
Pig. 15. Plate 7. 


Tus Weight of the Air will be always ſen- 
ſibly fekt, on drawing up the Piſton of an ex- 


hauſting 
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hauſting Syringe, as above: Since it will be forced 
down by the Preſſure of a Column of Air cor- 
reſpondent thereto in Diameter, of the Height of 
the whole Atmoſphere ; and if its Bore be three 
quarters of an Inch in Diameter, the Hand that 
makes the Experiment will find very near the 
Reſiſtance of ſeven Pounds, if the Weather be 
inclined to Fair and the Inſtrument free and per- 
ſect. But yet, whenever this Machine alſo is 
put under a Receiver, and the Air exhauſted 
from about it, the beforeſaid Weight thereto 
annexed will evidently fink : But when the 
Air is readmitted, and comes again to preſs on 
the Piſton on one hand, and againſt the Weight 
| on the other, it will riſe and return to its former 
ate. | 


. U co =o WW 


— 0 


0 


n AnD fince ſo great a Force as twelve hun- 
| dred Pounds is required to ſeparate two circular 
Planes of but ten Inches over, kept together 
merely by the Force of the Air, it is thence eaſy 
to judge of the very great Preſſure lying con- 
. buntiy on the Body of a middle-fized Man, 
„le Surface whereof will be found ordinarily to 
meaſure to about twenty ſquare Feet. This, from 


e che evident Experiment beforementioned, can 
4 never be leſs than forty thouſand five hundred 


0 Pounds ; but on occaſions may amount to the 
weight of forty-two thouſand three hundred 


Pounds, or one and twenty Tons and one 
her kventh. 5 


wn. Tae general Preſſure of this Fluid may be 
ox. fly compared to a ſtrait and general Bandage, 


6 made 
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made equally on every Part of the Body, the 
Sum total whereof would amount to the Pref. 
ſure juſt named; which if laid on any particu- 
lar Part of the Body, would no doubt inevitably 
cruſh it: But as the Body is in every Part loaded 
alike, 'tis embraced, and as it were bolſter'd up 
by it on every Side. 


1 
0 


Txr1s external mighty Force would be in- 
ſufferable, and even fatal to us, was not the 
Air we breathe taken into our Lungs, mixed in 
plenty with the Blood, and after that circulating 
with the Maſs of Fluids throughout the Body, 
of equal Force with the external, and therefore 
able-to repreſs and counterbalance the enormous 
Preſſure — without: Juſt as the Air on the 
Right Side of us, bears againſt and reſiſts the 
Prefſure it makes on the Left, whereby we 
are freed from the great Suffering and Violence 
which otherwiſe we ſhould ſoon be ſenſible of 


to our Coſt. 


To evidence the Truth of this: Take only 
an open circular Glaſs four or five Inches over, 
covered with a ſtout Bladder, like the Head of 
a Drum. So long as the Air preſſes this Mem- 
brane on both Sides equally, it is obſerved to 
lie ſtreight, at reſt, and truly level; but it can 
no ſooner be ſet on the Pump, and Part of the 
Air exhauſted, but the outward Air will viſibly 
depreſs the upper Surface of the Bladder into 
concave Form. On letting the exhauſted Air in 
again, it will immediately return to its forme! 


Situation ; but ſhould it be continued, 19 
ime 
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Time the under Air is greatly attenuated be- 
neath, and the Reſiſtance of it by conſequence 
early removed, the yielding Subſtance will pro- 
bably give way to the upper Force, in a very au- 
üble Manner. For as there is a Vacuum made 
thin the Glaſs, the whole Body of the adja- 
ent Air, on the Burſting of the Bladder, will 
y its natural Spring immediately move, to make 
ood the Deficiency : And fo far as the Air ſhall 
: ſenfibly ſhaken by the Suddenneſs of the 
hock, ſo far the Sound of the Burſting will be 
ard, like the Noiſe of Fire-arms, and for ſome- 


ly, at a like Reaſon. 

ore 

ous On the Art of Div1nG. 

the 

the ANOTHER Way of conſidering the 
we Preſſure of the Air is, by comparing it 
nee With its adequate Weight of Water. It is known 


> counterpoile at a Medium, about thirty- 
hee Feet of Sea-water, a cubic Foot where- 
weighs experimentally ſixty- four Pounds; of 
omſequence therefore, the Body of this Fluid 
uſt preſs at leaſt with the Force of two thouſand 
de hundred and twelve Pounds on every ſuper- 
al Foot near the Surface of the Earth, where; 


d bas been ſaid, the Atmoſphere is generally the 
t can {Woſt compreſſed. Should however, any Quantity 
f the this Fluid be by any Means conveyed to the 
ifibly Wepth of thirty-three Feet of Salt-water, it 
nto 2 Would, lying under the Weight of a double 
\ir in {Wtmoſphere, be there doubly comprefled, and 
"mer ed into near half the Space it took up on the 
y the utace. Should it be farther immerſed to the 
Time WW Depth 
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th of ſixty- ſix Feet, its Dimenſions would 

be ſtill much more contracted, as being under 

the incumbent Weight of a treble Atmoſphere; 

it will then be found to take up but one third 
of the Space it held at- firſt: And at ninety. 

nine Feet below the Surface, it will be crouded 

into one fourth of the Room it at firſt took 


ops 


For this Reaſon; the Divers, who are ob- 
Tiged to go down to great Depths in Water ] 
if they have only Air of common Denſity, u 
their Bodies, which has been commonly con- 
veyed to them in Pipes from the Surface, al. 
ways find themſelves greatly oppreſſed by th U 
Weight of the Water above them. A Perſon, 
who from the ſurface of the Earth having only 
common Air in the Veſſels of his Body, is but 


in provided to ſuſtain a double or a treblg . 
Weight from without; and the additional Pre Fe 
ſure will doubtleſs be a great Incombrance i bn 
him, how equally ſoever the Weight may HN 
diſtributed and laid on every Part. ry 
e 

Tis a common Experiment with the Sailo et. 
to ſinł a Bottle well cork'd, with only commo _ 
t 


Ait in it, to a good Depth in the Sea, that 0 
pulling it up they may find, as they general 0 
do, the Cork forced into the Bottle by the e in 
ternal Preſſure of the Water. | 


A noted Diver, not long fince, in thin lre 
Fathom Water, having the Trunk of his Hf in 
dy cas d in Armour, had his Arms, whig 

r: a We 
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wers only covered with Leather, ſo ſqueezed, 

that the Circulation was almoſt ſtopped, and 

the Blood was forced out of his Eyes, Noſe 

and Ears, by the very great incumbent Preſſure, 
WH which had nearly cloſed his Blood-veſſels. He 
WL lay fix Weeks by the Hurt he received in this 
Experiment. And tho” he ſaw a Caſk of Dol- 
lars but at a ſmall Diſtance from him, it was 
not in his Power to get at it; and his Compa- 
nion, venturing a little further, was near ex- 
piring when he came up, and actually died in 
three Days time. 


Ix order therefore to remedy this great 
Difficulty, and to render Pearl and Coral-fiſh- 
ing, and the Recovery of Things loſt by Ship- 
wreck, more practicable, the Diving-bell was 
invented ; which is a ſtout Machine, made of 
Wood .or Copper, Bell-faſhion, about -eight 
Feet high, and- as much in Diameter, at Bot- 
tom ; this Form being the moſt advantageous 
of any for the Purpoſe, becauſe of its great Ca- 
pacity downwards, whence it may happen, that 
when the Bell is really half full of Water, it'may 
not exceed perhaps two Feet deep in the Ma- 
chine. It er Seats within, for the Divers to 
rſt themſelves upon. It is hung round on the 
Vut-fide with Weights, ſo diſpoſed as to make 
link with the Mouth downwards, in a per- 
endicylar Poſition. The Model of the Bell A, 
nd the Utenſils, you have repreſented Fig. 1. 
vic fe 8. which being put into a large Jar of Wa- 
% anſwers all the Experiments perfectly well. 
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Tux real Machine, having three or four Men 
in it, with proper Inſtruments for the Buſines 
- propoſed, may be let down by the Yard-arm of 
a Ship, upon the Wreck or Veſſel loſt, to the 
Intent that the People within may break up 
the Hulk, and faſten Ropes to Cannon, Caſks, 
or any other Thing worth bringing up; and 
then the Sailors above, on a proper Signal given, 
ſtand ready to weigh them up with Tackles, by 
Force of Hands. * | 


As the Machine is lower'd in the Sea, the 
Air within will of courſe be gradually com- 
preſſed by the Weight of Water above, conſtantly 
endeavouring to puſh into the Bell, and wil 
conſequently riſe therein by Degrees; ſo that at 
thirty-three Feet deep, it will be one half, at 
fixty-ſix Feet, two thirds, and at an hundred 


| 

{ 
Feet deep, it will be .about three 
full of Water, agreeable to what was offer d a t 
this kind, Page 64. This Condenſation of Ar 
will not however by its increaſing Preſſure great WI C 
ly affect the Perſons in the Bell, tho' it really WW L 
be of equal Force and Reſiſtance to the whole 
Weight of Water whereby it is compreſſed: 
Becauſe as it is always to be let down flowly, the ¶ ef 
People have Liberty to reſpire the Air condenſe i de 
during the whole Time of its Deſcent. * 


From the Capacity of the left Ventricle 0 wh 
the Heart, whereby the Blood is thrown out ino Ver 
all Parts of the animal Syſtem between eye! 
Pulſe, ſeventy-five of which are. generally made eq 
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in a Minute when the Body is in Health; and. as 
the Quantity of Blood requiſite to fill all the great 
Veſſels in a human SubjeR, is uſually eſtimated at 
about twenty Pounds, Anatomiſts thence judge, 
that the Circulation of the greateſt Part of the 
Maſs of Blood, thro' the Lungs, mult be per- 
formed in about five or ſix Minutes. The Divers, 
in their Deſcent, are from hence internally pro- 
vided by ecs, to ſuſtain the great and pre- 
vailing Pre from without, to which the 
internal Air of the Body muſt be neceſſarily a 
Antagoniſt at all times, and in Eguilibrio 
with it, or elſe moſt fatal Effects would imme- 
diately follow. | F \ 


And as this Machine is to be deliberately 
lower'd, ſo is it to be raiſed, leſt the Air taken 
into the Mens Bodies, at the Bottom of the 
Sea, in an extraordinary Degree of Compreſ- 
ſure, ſhould by its natural Spring evolve itſelf 
too ſuddenly, in caſe that Preſſare is precipitately 
withdrawn ; by which Accident, rending the 
_ of the Veſſels might bring on immediats 


Taz Diving-bell thus anſwer'd the Intention 
of the Contrivers pretty well; but ſome Incon- 
veniencies ſtill attending it, Dr. HALLEY un- 

to improve it. As it contained but 
four or five Hogſheads of Air perhaps at firſt, 
when it came to the Bottom of the Sea theſe 
were reduced into the Bulk perchance of one. 
Nou by Experience it is found; that a Man 
Tequires about a * of freſh Air to ſubſiſt 


| 
| 
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on a Minute, and leſs than a Hogſhead will 
ſcarce ſerve him an Hour: Becauſe the ſul- 
phurous Effluvia from the Blood either abſorb 
or vitiate the wholeſome Quality of the Air, or, 
by blunting its. Particles, render it in Time 
effocte, unfit for Reſpiration, and even poi- 
ſonous. 


A ſecond Objection to the original Diving- 
bell was, the Want of Light. This obliged : 
them to take down Candles. And a- lighted 
Candle ſpoils as much Air as a Man may uſe: 
"Which 1s proved, by ſetting one under a Glaſs 
Receiver, repreſented Plate 8. Fig. 2. full of 
common Air, on a wet Leather, to prevent a 7] 
Supply ; which, when either confumed or cor- 
rupted, the Candle ſoon of itſelf goes out. And Hy 
no doubt but an Animal in like Circumſtances, Mar: 
would ficken and faint in a very ſhort Tune; Bi. 
whence Mr. PAT. GorDoN, in the fifteenth m 
Paradox of his Geographical Grammar, aflerts, 
That there is a remarkable Place in the Globe if 
the Earth, of a very pure and wholſome Air u Wi 
breathe in, yet of fo flrange and deteſtable a Va- 
lity, - that it is abſolutely impoſſible for two of tht 
entireſt Friends that ever breathed, to continue 
in the ſame in mutual Love and Friendſhip, fi 
the Space of 'tawo Minutes of Time. This mult 
be where they had ſcarce four Gallons of Air ot 
that Quantity of Space more than their Perſons 
would poſſeſs. . Te 


A chird Objection to-the original Diving 
bell was, That when the Air made uſe of |: 
252 22 . 2 3 
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came hurtful to Life, there was no way of 
getting rid, or of ſhifting it; and the former 
Quantity of Air, being thus reduced by Com- 
preſſion to the Compaſs of one Hogſhead, four 
Men and a couple of Candles could ſcarce ſub- 
fiſt therein ten Minutes: Which being too ſhort 
a Time to paſs up and down, and do much 
Buſineſs in the Diving-way, the Invention in 
this Particular fell alſo very ſhort of Perfection. 


Tur Doctor removed the firſt of theſe Ob- 
jections, by fixing a Cock in the Head of the 
Machine, to let out the vitiated or corrupt Air, 
hen neceſſary, as at B. This ſucceeded very well. 
The warm Air being lighter than the cold, always 
roſe above, and was therefore firſt puſhed forth. 
Nor was the Preſſure of the Water on the Hole 
of the Cock above, able to confine it in the Bell 


-+. Whccauſe the Column of Water condenſing the 
t Air, and endeavouring to puſh in at Bottom, 
p ms about eight Feet longer, and conſequently 


nuch heavier than the Column preſſing on the 
ock at the Head of the Machine. 25 


Wurxxvrx the corrupt Air was let looſe, 
e Surface of the Sea was put all in a Foam: 
or as the Air, in its natural Degree of Com- 
reffure, on the Surface of the Earth, unwinde 
© expands itſelf to very large Dimenſions ; _ 
ben rid of that Preſſure, it will doubtleſs 
din the ſame Manner, to a ſtill greater De- 
t, when contracted into one fourth of the 
ace: And a Portion of Air, at the Depth of 

hundred Feet, about the Bigneſs of a Hazel- 


N 3 Nut, 
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Nut, might become perhaps as large as an 
Orange at the Surface ; whence the Appearance 
juſt mentioned may very reaſonably be ſuppoſed 
to proceed. 


To ſupply the Bell with freſh Air, the Doc- 
tor contrived to have a Veſſel ſomewhat like 
a Barrel, with one Head only, or in Fact a 
ſmaller Bell, as C, Fig. 1. Plate 8. kept going 
continually between the Surface of the Water, 
where it ſtill took in freſh Air, and the prin- Wl | 
cipal Machine. This Veſſel being ſunk * | 
lower, had the Air therein more — — 
than that in the larger. Into the Head of the Wi * 
ſmaller was fixed a ſtrong leather Pipe, with Wi " 
a Cock at the End, which one of the Divers Wi * 
took and turned whenever they wanted a Sup: i 
ply of freſh Air, which was eafily received in- i 4 
to the larger Machine, This Contrivance not Wi de 
only afforded them a continual Supply of who net 
Gig Air; but by its elaſtick Pea emptied i the 
the Bell of Part of its Water, and conſequently fn 
gave them more Room to move and act in, 


A ſtrong Lens, eight Inches over, was fixed: 
the Head of the Machine, as D, to give then 
Light, with the convex Side downward, in ordeſ ider 
to ſpread the Light as much as poſſible within th Puthc 
Bell: Which ſo well ſucceeded, that the Dou ri 
fays he bas read a Gazette at the Bottom oÞ®cret 
ener but in a Gale n hi 
Wind, the Ra Light being - frequent 
broken by the Motion 80 of the Water, this uh 
Cabbin was ſome what darkened. | 1 

: 
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Tuis ingenious Gentleman at length brought 
Matters to fo great a Degree of Perfection, that 
he could detach one of his People from the 
3 Machine, to any proper Diſtance, with 
ſomething like an inverted Hand- baſket of 
Lead on his Head, as E, ſo ſhaped that he 
might ſee his Way, and what lay before him. 
In the Top of which was fixed a flexible Pipe, 
like that belonging to the Veſſel, for tranſmit- 
ting freſh Air when wanted. The Perſon, by 
turning a Cock, could ſupply himſelf from the 
Bell; if he mounted a little higher than the 
Place of Communication, whence the Air 
would then naturally riſe into this his Helmet; 
and being denſer than the Air us'd and ſpoil'd 
in his owty Machine, would therefore extrude it. 
And this was ſo contrived, that had any Acci- 
dent ha to the Perſon ſent out, or if he 
neglected to turn his Cock, and ſo to endanger. 
the Bell by the Loſs of the Air, the People with- 
in had another Cock at command, by ſhutting 
whereof the ill Conſequence of ſuch an Accident 
might have beeh'avoided. And as ſuch a Perſon. 
ame gradually into Air of a fit Denſity to repel 
the very great Preſſure of the Water in ſo con- 
derable a * he had of courſe reſpir'd it: 


| Freffure at that particular Depth of Water, and 
berefore could not be oppreſſed by its Weight 
a his quitting the Bell, ade 


Tur Dreſs of the People who practiſe this 
ade is generally made of thick Flannel, which 
N 4 being 


ufficiently to fortify his Body againſt the externa! 
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being once wet, and the Water warm'd by the 
Heat of the Body, they afterwards ſcarce fee] 
any Cold from moving about in the Water; 
becauſe the warm Water, lodged next the Skin, 
will always keep the ſame Place : Juſt as when 
a Man's Cloaths are warm on his Back, he is not 
chill'd by the Blaſts that viſit him from without, 


THrose who go down in this Machine gene- 
rally for ſome Time complain of a Pain in their Wi | 
Ear; which is by ſome thought to proceed 
probably from the extraordinary Preſſure of the 
Air condenſed on the Membrana Tympani, or 1 Wl « 
fine Membrane covering the Cavity, or Drum of t 
the Ear; which has a ſmall Aperture, imagined 
by ſome Anatomiſts to be clos'd with a Valve 
on the hither Side. Within this Membrane 1 
there can only be cofnmon Air, (for the Circu- WW th 
lation of the Blood in theſe Parts is very flow) hi 
and without it is Air conſiderably condens'd, hi 
whereby. the ſaid Valve is ſuppoſed to be de- ¶ the 
prefled, and the Part being exceeding nervous, Wi bu 
might conſequently create in the Patient a great Wi it; 


deal of Pain. But when the Condenſation of 

the external Air becomes ſtrong enough to pull 
down this Valve, the Pain then ceaſes, and the | 
Patient recovers his former Hearing. je 
| Ult 
WHETHER there be any ſuch Aperture i WW Wa 
this Membrane, is not very certain, nor is it of inter 
any great conſequence to. the preſent Point, ſine ¶ Div: 
by the Euſſachian Duct paſſing from the Mouth I Ribs 
immediately to the Cavity of the inner Ear, eat 


there is as free a Communication as can be ei. 
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pected thro' ſo ſmall a Canal. And hence it 
is obſervable, that ſuch Perſons as are hard of 
Hearing, when they are more than ordinarily 
attentive, are very apt to open their Mouths; 
that they may thereby catch as many of the Rays 
of Sound as they can, in order to aſſiſt their 
Hearing. The Trouble therefore that the Divers 
feel at firſt in the Ear, proceeds more probably 
from ſome Difficulty the Air may find in work- 
ing itſelf, on the firſt Compreflure, through the 
Euſtachian Tube; and their growing eaſy after- 
wards, may ariſe from its taking afterwards the 


due Effect, and reſtoring the Equilibrium in- 


terrupted in that Part. 


HowEveR that be, one of theſe Divers ima- 
gining himſelf more cunning than the reſt, 


thought to => away the Ear-ach, by ſtopping 


his Ears full of chew'd Paper; but he fail'd in 
his Expectation: For as the Preſſure increaſed, 
the Membrane was not only preſſed as before, 
but the Wad of Paper was depreſſed along with 
it; fo that the Surgeon had a great deal of 
Difficulty to get it out again. | 


Brrokꝝ we quit this Supject, it will be pro- 
per to give a ſhort Deſcription of the Caſe, or 
Suit of Armour, made Ute of for diving in ſhoal 
Water, where indeed Wrecks commonly lie, 
intended to defend the Head and Trunk of the 
Diver from the external Preſſure, ſo that his 
3 move, and he be able to fetch his 


» 4 — 
I ; 
. - 


- 


| 
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Tux fide Sketch of this Contrivance is given 
Fig. 4. Plate 8. and by Fig. 3. is repreſented the 
Diver therein equipp'd for Service, at Bottom of 
the Sca, let downthuther by a Rope faſtened round 
theNeck of the Copper Machine, which ſeparates | 
at the Waiſt to receive his Body, the two Parts Wl « 
of which are connected by Straps of Iron ſcrew'd 
down; when the Diver is in, before and behind. 
Between the Place of the Right Arm and the 
Waiſt, is a Piece of Copper, which draws out 7 
of a Groove, to admit that Atm after the reſt of 
the Body is in. This Groove is made Water- 5 
tight. On each Side of the Head piece is fixed Will ;; 
a Tube, to which ſeveral Lengths of {tiff Lea- il & 
ther Pipe, diſtended by Rings at proper Diſtan- WF ., 
ces, may be ſcrew'd occaſionally, according to Bl ,, 
the Depth of Water, thro' which the Air is to WM |, 
be conveyed down from the Surface. In Front of 
the Head-picce is fixed a ſtrong convex Glass, for 
ſuſtaining the Preſſure of the Water, ſo that the 1 

may ſee what he is about. Juſt be- ¶ of 

low his Elbows, where the Hlood-veſſels lie I F 
PFERD tal 
Bay 

in 


er Bags, fit to keep out Water; for tying 
which to che Copper nn chere 1 is left a 


SHRINE 


Aenne have boen in this Machine forty Mi 
nutes at a Time, in a moderate Depth of Wa- 
ter, and have done Buſineſs) upon a Wreck: 
But as there cannot be a free Circulation of 
Air thro' the Pipes of Conveyance, they are 
nee obliged to uſe Bellows, and 1 


5 
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Contrivances, to promote it. Provided the Bu- 
ineſs be of ſufficient Importance to defray the 


Charge of the Bell, nothing anſwers the In- 
tention fo well. 


Some Effects of the ATMosrHBRE's 
PRESSURE or ANIMAL and other 
 Bopiss. 


HE Alteration in the Air's Preſſure upon 

our Bodies, is in general very ſenſibly felt 
us. In clear ſerene Weather, when it acts 
vith the greateſt Weight, we ufually find our- 
ſelyes more vigorous, chearful and alert: In foul 
ad cloſe Weather, when the Air is more light, 
we are moſt commonly ſupine, dull, and 


anguid, 


In the former Caſe, the Fibres of our Fleſh 
xe braced up well, and made very tenſe, and 
of conſequence the Channels of the circulating 
Fluids muſt be contracted by the greater acciden- 
al outward Preflure, aptly com po to a general 
nadie on the Body; whenee they muſt move, 

ual Times, with more Velocity than when 
he Coats of the Veſſels, for want of a 
Preſſure, are diſtended and relaxed. And 
this is the Caſe, appears in Part from an over- 
frain'd Limb's receiving immediate 
and Relief from being bound up. 


Tur Landen are a notable Inſtance of the 
Change of Weight: in the Air. a 


— 
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Full of the Moon, when her Attraction, in 
Conjunction with that of the Sun, raiſes the 
groſſer Fluids in the Tides, it alſo generally cauſe; 
an Alteration in the Gravity of the Air and 
Weather, ſhewnoften by the Barometer; whence 
the Blood of theſe People is made to circulate 
with an accelerated Force, and then they be- 
come extraordinarily affected. 


Tur Old and Infirm are fo many ſenſitive 
Barometers, and are generally very early in the 
Notices they give of the Alterations of the Weight 
of the Air, and conſequently of the Weather, 
Rheumatiſms, Gouts, Aches, Megrims, Shoot- 
ing of Corns, and the like, are with them cer- 
tain Indications of Rains, -. Snows and Storms, 
Nor are the Young and Healthful wholly in- 
ſenſible of theſe Changes, tho' the whole Tex- 
ture of their conſtitutional Syſtem of Fibres be 
in fine Order, replete with Juices, tenſe and 
elaſtic ; whereas thoſe of the Antient are thto 
Age and long Uſe become more dry and ſap- 
leſs, hard, tough, unpliant, and wanting of 
Spring. The Sufferings therefore of theſe art 
always greater, from this accidental Difference of 
Preſſure, than the other, and are doubtleſs pro- 
portionable to their Complaints, 


 Tro' the Preſſure of the Air be ſufficient to 
produce the great Effects before-mentioned ; yet 
is the Force thereof ſuſtained by temper'd Clay, 
thin Glaſs, and the moſt tender Bodies, without 
any Alteration in their Figure at all, merely 


from their being equally preſs'd thereby on every 


Side: 
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Side: But no ſooner can this Preſſure be aba- 
ted on oneHand, or increas'd on the other, than a 
afible Change will immediately follow. 


Ours Receivers in general, when they are 
irt ſet on the Pump, preſs it only with their 
ibſolute Weight; but if the internal Air, by a 
Turn or two of the Winch, be attenuated, its 
preſſure on their Surface will cauſe them to ad- 
here to the Plate, fo as not eaſily to be ſeparated. 
from it. The Cauſe is plain. 


A Receiver being placed on the Leather, the 
Air within, as well as that without, lies under 
qual Degrees of Compreſſure, and like a Mul- 
titude of little Springs, wound up or bent as 
many different Ways, ſupports the Weight of 
e upper Air, This inferior Air reſiſts, and in 
Is turn repreſſes the inner Surface of the Re- 
ever, and the Leather whereon it ſtands, with 
Force juſt equal to that exerted by the At- 
olphere on the Out- ſide of the Receiver and 
he Pump; whence proceeds a perfect Equili- 
re um between them, But we no ſooner give 
of We Stroke of the Piſton, and extract Part of the 
- ad Air, but that Equilibrium ceaſes ; and as 
he Exhauſtion is carried on, or continued, the 

rowing Preſſure of the one, and the decreaſing 
to. Nefſtance of the other, make the Difference at 
jet nngth very notable ; and ſuch as will be ex- 
ay remely-ſenfible to the Hand of a Perſon co- - 
ering a ſmall Receiver, two Inches over, o | 
t both Ends, whilſt gradually exhauſted of its 


ANOTHER 
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ANOTHER remarkable Effect, produced þ 
the different Preſſures of the internal and exte; 


nal Air, may be obſerved on exhauſting aſquar ' 
Bottle of its Air. This will be beſt done unde , 
a Receiver. The Phial is to have a Leather V 
ſo diſpoſed as to ſuffer the Air to paſs out frei a 
during the Operation, but not to let it enter the; 
Bottle again when it comes again to be admitted ;; 
into the Receiver; the Preſſure whereof will in .. 
mediately ſqueeze the Bottle to Atoms. by 

IT map pers be remarked, that flat Bodies at f 
not ſo able to reſiſt Preſſure as are the round off be 
equal Thickneſs ; becauſe all the Parts of the ;, 
are diſpoſed as in an Arch, and ſo ſuſtain ea i, 
other in a much better Manner than is poſſbii¶ Dr 
for Bodies of any other Shape. 

ANoTHER Inſtance of the Inequality of th 1 
Preſſure, may be given, by increaſing it with u. 
a Bladder, faſtened at the End of an injectia jj 
Syringe, into which, by repeated Strokes, let Meg 
Quantity of Air be ſucceſſively thrown, Where 
the Power of the Spring is ſuch, that the Weis bo 
of the Air of common Denſity without, and ti ¶ Pou 
Coheſion of the Parts of the Bladder becar 
jointly unequal thereto, this Membrane wil 0 

urſt, and the incloſed Fluid will then get looks h. 


and ſhake the adjacent Air ſo as. to affect o 
Nerves perhaps with the Senſation ordinatiicte 
called a Noiſe. - . Bag 


Tal wetr 


/ 
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Taxis Experiment will alſo intimate to us 
the ſurprizing Effects fluid Bodies produce, in 
dilating Cavities, when puſh'd thro' ſmall Chan- 
nels, In this Caſe the Particles of Air thruſt 
into the Bladder with a pretty good Force, inſi- 
;uate theraſelves, and act as does a driven Wedge 
individing a hard Body. Which too is commonly 
the Caſe, it may be obſerved, in ſuch Apoplexies 
2s are fatal, Some of the ſmall Blood-veſſels 
break in the Head, and, in the Courſe of the 
Circulation, repeated Puſhes being made through 
the fractur d Pipe, the Brain at length comes to 
te ſo compreſs d by the extravaſated Blood, as 
to be no longer able to perform the due Secre- 
tions of the animal Spirits, whence immediate 
Death enſues. 


A Stream of Air driven thro' a ſmall Chan- 
nel, will both raiſe and ſuſtain a conſiderable 
Weight ; and the ſmaller the Hole, the greater 
wil be the Effect in a reciprocal Time. An 
ealy Blaſt from the Lungs will raiſe about 
even Pounds; but the Breath of a ſtout Perſon, 
ng with all his Might, above twenty 


Oxx largeBladder blown, may raife a Weight 
high as ſeveral ſmall ones; but the neceſfary 
Expence of Breath for this Purpoſe, in either 
Life, will be very different. For Inſtance; two 


meter of a large one (lince Spheres are 
bctrically demonſtrable to be in Content pro- 


bladders ſimilar in Figure, but of half the Di- 


\ 
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portionable to the Cubes of their Diameter) 
will require but a quarter of the Breath to i. 
ſtend them, as will the greater; and yet wil 
they jointly act in a quarter of the Time 
and produce a proportionable Part of the Ef 
fet. This Experiment is commonly applyd 
to the Explication of muſcular Motion, and is 
repreſented Fig, 5. Plate 8. 


On Musculan MorioNn, 


HE Muſcles of the Body, in gener 

are thoſe Flakes of Fleſh which ap- 

| pear when the common Teguments of the Bo 
dy are removed. They cover the Bones, and 
not only conduce to the Comelineſs of the an- 
mal Figure, but are ſo many — Powers, 


by which a very great Number of diſtin Mo. 
tions may be made, differing from each othe ab 
in their Forces, Directions, and various E- th; 
. 2 00 
VI | the 
Or the Muſcles, ſome are round, ſome ob thi 
long, ſome flat, and others circular, ſome a but 
ſimple, but moſt of them compound. The fimpah le( 
Muſcles ordinarily conſiſt of a Belly, red aud :nd 
fleſhy, and generally of a Pair of Tendon Fin 
placed at the Extremities, white and of a clol inc! 
Contexture ; both Parts whereof ſeem to be ng 


other than Bundles of parallel Fibres, diviſbq p, 
- with Care to a great Degree of Fineneſs ; HH, 

minuteſt Sub-divifion whereof, or Fibril, icen 

to be'a Muſcle in Miniature, and to _ 
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\W belly and two Tendons like the Muſcle itſelf. 
Not but that ſome of the Muſcles, and conſe- 


quently their Fibres, have but one Tendon, be- 
ing in that Caſe fleſhy only at the other End: 


Ta compound Muſcles have their different 
Series of Fibres; not parallel (tho' the Fibres that 
ſeverally conſtitute them are ſo) but often incli- 
ned, and lying in different Directions to each 
other, and are, as well as all the reſt, curiouſly 
adapted to the Purpoſe they are deſigned to 
execute, 


ſerted into two of the Bones; one fixed, the 
other moveable : The firſt is termed its Origine; 
the ſecond its Inſertion; 


As the Muſcles contract, they draw the move- 
able Bone or Part, this way or that, according to 
the Direction of the Fibres of which they are 
compoſed 3 and as they diminiſh in Length, 
their Bellies are obſerved to increaſe in Thickneſe, 
tho the Muſcle itſelf enlargesnot its Dimenſions; 
but its Bulk is, on Experiment, found to be rather 
ess. And this has been made evident, upon a luſty 
ud muſcular Perſon's Moving and claſping his 
Fingers, when his Hand and Arm were curiouſly 
ncloſed in a glaſs VeſſeFfilled with Water, hav- 
ng a ſmall Tube inſerted in the upper Part, that 
lo, by the Riſe or Abatement of the Water there- 
n, this Matter might be critically examined. 


O Tus 


Taz Tendons ate; for the generality, in- 
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Tux Veins, Arteries and Nerves (the two firſt 
of which being the Channels which conduct the 
Blood toand from the Heart, the Source of Life; 
the other being the Conveyance of the animal 
Spirits from the Seat of Perception, the Brain) 
are divided, branched and univerſally diſtributed 
all over the Muſcles ; fince no one Point of the 
Fleſh can be prick'd, but Blood will thence fal- 
low, and Senſation there be raiſed. 


N ow the Action of a Muſcle ſeems wholly 
to depend on the Non-obſtruction of the Nerves: 
For if the Nerve of any Muſcle be tied, the 
Muſck immediately ceaſes to act; and if it be 
cut thro', it does ſo for ever. Muſcular Motion 
muſt therefore be effected by ſome Agency, 
communicated by the Nerves to the moving 


Part. 


Ir has been alſo generally received, that the 
ſame Effect will happen on tying or cutting the 


chief Artery of a Muſcle; but this has been found . 
not to ſucceed, when try'd on a Dog, unlels 4 


the Aorta or principal Artery of the whole Body 
was tied. For the ingenious Dr. LANGR1$K in- 
forms us, that he has tied up, and below the Li- 
gature divided, four large Arteries of a Spanicl, 
Who found no Sort of Defect or Inconvenience in cfle 
his Muſcles from the Operation when his Wound 
were well: By which Time indeed the latent 
Communication of the neighbouring Arteria 
might poſſibly be ſo enlarged, as from thoſe Ar- 
teries to ſupply the Muſcles hinted at with a free 


Influ 
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Influx of arterial Blood, after their own Veſſels 
had been deftroy'd ; and which always muſtha 

we know, in ſuch Subjects as ſurvive to 
Lo of a Limb. 


Taz Manner in which the Learned have ge- 
erally. conceiv'd muſcular Motion to be per- 
tormed, is from the progreſſive Motion of the 
nervous Juice, increaſed and on Occaſions for- 
warded by the Determination of the Will, to a 
certain Part, in an undulating Manner. And the 
muſcular Fibres, open to this Influx, receiving 
thereupon a larger Quantity of the nervous Fluid, 
grow more turgid, and cauſe a Contraction, 
which the continued Circulation of the Blood and 
ther Juices aſſiſts and promotes, till the intend- 
ed Motion is brought about and executed. And 
what favours this Conjecture is, the Contraction 
of a dead Muſcle, which is always raiſed by the 
ljection of Liquors, | 


Tx1s muſt be confeſs d a plauſible way of 
plving this very difficult Phanomenon ; but 
when we conſider how great and ſurpriſing 
Things are done by People in a Fright ; when 
Ine Muſcles act almoſt inſtantancouſly with 

e very Apprehenſion of Danger, without any 
Reflection made, or ſeeming Action of the 
Vill perform'd at all; it may be doubted whe- 
ler theſe ſudden and prodigious Effects are ay 
Faught about in the ſteady, uniform and regular 
ay before propoſed. | 
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BESI DES tis well known, that muſcular Mo- 
tion in the Heart of the Eel, the Salmon, and 
Frog, will continue after they have been a long 
Time, ſeveral Hours perhaps, out of the Body; 
and when their Pulſation has even then ceas d, 
that it will be reſumed and repeated, on their 
being warm'd a-new, or pricked by a Needle, 
But the moſt remarkable Phznomenon of this 
kind is, the Twiſting and Twining of the Viper, 
which will continue for many Hours after the 
Head, Heart, Entrails and Skin are taken from 
it. Nor is it in the Jeaft ſatisfactory to alledge, 
as is commonly done, that the Fluids in theſe 
Animals are more viſcid, and are therefore 
longer tetaitied in the Veſſels of theſe Creatures 
than in thoſe of others, to produce the faid Ef. 
fe, after all the Conveyances of the animal Spi- 
rits are intercepted, and their very Source 5 
deſtroyed. 


Wr cannot therefore but own, that the Bu- 
ſinefs of muſcular Motion is not yet fo well un 
derſtood as tis hoped it may hereafter be, when 


the Induſtry of After-ages, aſſiſted by the 0> 8 
fervations of the foregoing, ſhall have made Ys 
greater Progreſs therein. Has 

| | | rent 


In Favour of the preſent Opinions concert 
ing it, however, and to ſhew that Muſeul 
Motion is at leaſt begun by an Impulſe made o 
the Fluid contain'd in the Nerves, it may bed 

ſerved, that if a Frog in Summer-time be tak 
" when that Animal is vigorous and ſuſpended! 
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the Fore-paws between two Pillars, and his 
Head cut off with a Pair of Sciſſars. The Body 
and Limbs will both during that Operation and 
after, remain quiet and unconvulſed. If a ſmall 
Probe, ſomewhat blunt at the End, be then 
puſh'd gently down the Cavity of the Vertebræ 
of the Neck, ſo as to touch the ſpinal Marrow 
(which is no other than the Prolongation of the 
general Collection of the Nerves, iſſuing from 
the Brain itſelf) the Hinder- legs, which before 
hung looſe, and as if the Creature were really 
dead, will on ſuch Preſſure, immediately ſuffer 
very ſtrong and complete Contraction. And 
if the Probe be applied in like Manner to the 
Medulla oblongata, in the diſſevered Head, twill 
cauſe the Eyes to move, and ſometimes the Month 
to open. And this may be ſeveral times repeated 
on the ſame Subject, provided Time be given 
for the Reſtoration of the Blood and Juices, 
In that languid State of Circulation, if it deſerves 
that Name, which was thrown out of the 
Muſcles in the laſt Contraction; but it muſt be 
expected every time to be weaker and weaker, 


IT may here be remarked, that extreme 
Cold is always a conſiderable Hindrance to muſ- 
lar Motion; a Swelling from extravaſated 
Humours, which fill the Interſtices, and pre- 
rent the Corrugation and Contraction of the Fi- 
bres, does- the ſame. Great Tremors, ſuch as 
thoſe of the muſical Strings, which vibrate with 
i prodigious Degree of Swiftneſs, and when 
ong play'd on, very commonly affect the Ends 
df the F ingers of the Performer with Numbneſs. 


O 3 Laying 
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Laying hold on the lower Part of a ſpringing 
Piece of Metal, when filed in a Vice, will very 
ſoon produce the ſame Effect; as alſo does the 
Touch of the Torpedo, a Fiſh which has a Pair 
of Muſcles on his Back, compoſed of very large 
and Riff Fibres, which being touched, he natu- 
rally moves to and fro with ſuch Swiftneſs, 
that it numbs the Hand, and immediately im- 
pairs muſcular Motion therein. It may then 
be a Queſtion, whether muſcular Motion be 
not produced by theNerves alone; ſince when- 
ever they are diſconcerted, diſturbed or obſtruct- 
ed, by certain Accidents, a Blow on the Head 

rchance, or the very Apprehenfion of great 
and eminent Danger, ſuch eſpecially as 
duces Amazement and Diſmay, will on Expe. 
rience, we ſee, effectually cauſe all nuſculit 
Motion to ceaſe. 


wt. FX CT ON 


BonrrrI, and other ingenious Author af. BH . 
ter him, by the Help of a fine Imagination, 
have conjectur d, that the long parallel Fibres 


which compoſe a Muſcle, were, beſides being 21 
together incloſed in the common Membrane of C 
the Muſcle, connected alſo by tranſverſe Fibres, BF. 
croſſing the longitudinal ones, and dividing them I 4. 
at very ſmall Diſtances, into a great Number of WW... 
ſmall Cells, Veſicles or Bladders ; which per- the 
haps may be found ſomewhat more than en IF. 
Hypotheſis, fince the Fibres in the tranſparent f - 
Membranes of a Frog's Foot, have by ew. 
ſolar Microſcope been obſerved to reſembieWWr;. 


collateral Rows of ſmall Pearls. And thi 
Way have they endeavoured to explain the Me- 
chaniſm of muſcular Motion, The Thougit 
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is philoſophical, and pretty enough, which they 
thus purſue. 

A Bladder, void of Air and flaccid, they 
conſider as a Muſcle in its utmoſt Elongation ; 
when inflated, as a Muſcle contracted. Being 
empty, it may be perhaps eight or nine Inches 
long, and then barely ſuſpends the Weight A. 
Fig. 5. Plate 8. Being replete with Air (blown 
thro' the Pipe B, the End of which within is 
covered — 4 a Valve, to caſe the Lungs, and 
prevent the Return of the Ait when the blowing 


The upper and nether Parts of the Bladder 
repreſent the Head and Tail of the Muſcle, and 


the Weight intimates the Force wherewith it 
as, 


ACCORDING to Pig. 5. Plate 8. we know 
af that by one Bandage put about the Middle of 
0", Wi our inflated Bladder, as at C, the Weight will 
move in a quarter of the Time, and with 
"2 i © quarter of the Breath requiſite to fill the 
Cavity of the whole without a Ligature, and that 
No fourth Part of the Effect will be produced 
* thereby. Now ſhould the Bladder, thus divided, 
r be again ſubdivided with Bandages at D and E, 
per: ¶ de whole will become a String of ſmall Bladders, 
n uach being a fourth of the Diameter of the firſt, 


wo which being blown up, will raiſe a certain 
ü 1 Weight in a ſixteenth Part of the Room and 
ww" Time that the large one will. 


And tis reaſonable to believe, that if one 


ladder of a certain Content will when inflat- 
O 4 | ed 


* 
— . I EY 
” — = 
. — 
2 - 


ceaſes) it will raiſe the Weight to a certainHeight. 
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ed raiſe a Weight to a certain Height, two 
communicating will produce double - Effect, 
and ſo forward. And was a Chain of Bladders, 
thus circumſtanced, equal in Bulk, and like 
in Figure, joined together, the Space through | 
neh the Weight would be raiſed by them, 
muſt be proportionable to their Number, or, 

which is the ſame Thing, to the Length of the WI | 
String. And if a determined Weight may be 
raiſed a certain Space by one Bladder, or ons e 
String of Bladders, double the Weight will be Wt 
raiſed by two ſuch; and conſequently the Weight Wl ©: 
raiſed by a Muſcle will be in Proportion to the 
Number of its Fibres, v/z. its Thickneſs : And 
the abſolute Strength of one Muſcle is to that of 
another as is its Weight or Bulk. 


Was it not for the forementioned Contri- 
vance, or ſomething equivalent, in the Con- 
ſtruction of the Muſcles, all animal Motion 
muſt be exceeding deliberate and flow, and a 
Snail or Tortoiſe migh t be reckoned, and per- 

| 


haps juſtly, very nimble Creatures. 0 
478 rig 
On the HEagT, and CIRCULATION 0 & 
, | the BLoop. ing 
the « 
USCULAR Motion in general i Yay: 
voluntary, it being in the Will w perfe 
Choice of an Animal, in Health and unc Mot 
vulſed, Whether he will move any Part of H gular 
Body, or whether he will give it this or ti 
Direction or not. But the Heart is a compoung Ir 


Muſcl 


5 
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Muſcle exempted from that Law, which during 
Life, whether we will or not, inceſſantly moves, 
and at every Pulſe receives Blood from the 
Veins, which it again throws out along the 
| Arteries, to the very Extremities of the Body, 
where the Arteries divide, either into lymphatic 
Veſſels, into excretory Ducts, or capt 
Veins, too fine for Sight. Here the Blood 
and Juices are ſtrain'd, abſorbed, and again 
collected by the ſmaller Ramifications of the 
Veins, thro* which they are again conducted 
back to the Heart, where the ſame Proceſs 
being repeated, the animal Syſtem is thus pre- 
frved often a Hundred Years. So curious a Piece 
of Pump-work cannot but deſerve a little of our 
Attention. 


Tux Heart lies almoſt tranſverſly on the 
Diaphragm, hereafter deſcribed, Page 211, the 
greateſt Part of it is found in the left Cavity 
of the Thorax or Cheſt, wherein it is ſuſpended 
at Liberty by the Blood-veſſels, with which 
alone it is connected. Its Baſis is toward the 
nght, and its Apex or Point inclines to the Left, 
where uſually we feel it beat. *Tis incloſed 
within a fixed Bag, called the Pericardium, hav- 
ng in it a ſerous Liquor, in which it floats : to 
the end that its Fibres might not only be kept al- 
ways warm, moiſtand ſupple ; but alſo that by 
performing its Functions in a denſe Fluid, its 
Motions might be rendered thereby more re- 
cular and ſteady, 


IT is of a conical Figure, and its fleſhy. or 
muſcular Parts conſiſt of ſeveral different Or- 


ders 


= r 
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ders of Fibres, ſo directed and diſpoſed a 


either to contract or dilate it, which 


they de 


by turns, regularly, and without Intermiſſion, 
as has been faid, from the very Beginning to 


the End of Life. 


In the Contraction of the Heart, the Point 
is drawn up a little towards the Baſe; in its 
Dilatation or Reſtitution, the Apex returns to 
its natural Situation, The firſt of theſe is by 
Anatomiſts termed the 5Sy/o/e, the latter the 


Draftole of the Heart. 


Wi rut the Heart are two Cavities, term- 
ed Ventricles. They are divided by a ſtrong 
Septum or Partition, the Place and internal 
Direction whereof is marked on its Surface, 
Pig. 6. Plate 8. by the white Line E P. At 
the Entrance of either Ventricle is a hollow 
Appendix, a kind of Bag of a looſer Texture 
than the Heart. Theſe are called the Auricles, 
with which the Ventricles, thro” Valves of an ad- 


mirable Texture and Diſpoſition, ref 
communicate. The right Auricle is 


wely 
e de- 


noted by B, into which Blood is admitted from 
the Vena Cava whenever the Heart contract; 
this large Channel, both aſcending from the 
Parts below, and deſcending from thoſe abore, 
marked HA, conducts the Blood, collected by 


the leſſer Veins from all Parts of the Body 


to the 


Heart, in which it diſcharges its Contents at N. 
where is an excellent Contrivance, which hin- 
ders the direct Shock of the two confluent 
Streams, as in the Figure is expreſs d; tho' the 

X | ; N 


od 
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much more perceptible in Brutes than human is 
whjets. The Place of the right Ventricle, i 
marked Q, is between C and the Septum Cords; 
into which the Blood laſt received by the con- 
teuous Auricle is admitted whenever the Heart 
dilates. D is the Section of the pulmonary Ar- 
ery, whereby the Blood is thrown from the 
right Ventricle into the Lungs, which are ſpread 
without the Pericardium on either Side of the | 
Cheſt, and being divided into ſeveral Lobes, '* 
v2, three on the right and two on the left, when 
inflated, they wholly fill the Thorax. Theſe, by 
Conſtruction and Texture, ſeem to be a vaſt 
Collection of ſmall Veſſels, | thro* which the 
Blood being puſh'd with ſome Force and Rapi- 
lity, becomes attenuated, and there meeting with 
the cool Air continually inſpired, is thereby recti- 
fed, refreſhed, and is then immediately gathered 
vp by the pulmonary Veins, the numberleſs Rami- 
heations of which terminate in four Canals, 
conducting the Blood from the Lungs in- 
to the left Auricle of the Heart, in its Syfole 
of Contraction. This Auricle is ſignified by P, 
and the Inlets of the pulmonary Veins there- 
into by R R; two of which lying backwards, 
in our Draught only prick'd. 


AT the ſucceeding Reſtitution or Diaftole of 
the Heart, the Blood laſt received” from the ' 
Lungs is admitted into the left Ventricle, the |} 
Place of which is between the Septum and the 
left Side of the Heart, denoted by S; and by 
the following Contraction it is thence thrown 
nto the great Artery, or the Aorta, . 


- ——— — i — — — 
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GO; from the ſeveral Branchings or Ramig. 
cations whereof it is diſtributed to every Part 
of the Body reſpectively. H, I, K, L, M, lead 
it away to the Head, Arms, G&c. and from the 
Continuation of GO (carried and directed down. 
wards, to moderate perhaps the prodigious Force Wi , 
of the Heart) the Trunk — lower Parts of 

the Body are ſupplied with arterial Blood, by Wi - 
diſtinct Canals branched off here and there, to 
the very Extremities of the Body, at every g. 
ole or Contraction thereof. ' 


IT muſt not however be imagined, that one 
and the ſame, or a ſingle Portion of Blood, recei- 
ved at firſt from the Vena Cava, is thence circu- 9 
lated alone to the Aorta, by the fix diſtin Steps Wil y 
or Stages beforementioned. But as a conſtant Wi |. 
Supply is wanted for the continued Purpoſe: 

of Life, the Circulation is to be ſuppoſed con- H 
tinual, and that at every Motion of the Heart Wi, 
whether in its Contraction or Reſtitution, all 0 
the four Cavities are more or leſs employed, x. 
viz, In the Contraction both Auricles not only Wil 44, 
together receive Blood from the Veins with which BY . 
they reſpectively communicate, but the two Ven- ¶ be 
tricles at the ſame Time alſo expel into their re- ¶ che 
ſpective Arteries the Blood which they had but 1, 
juſt before received, in the Reſtitution of the wp 
Heart, from the Auricles, which are then only Wl gr 
empty'd into them: So that whenever the 
Ventricles dilate, the Auricles contract, and the 
contrary, by the alternate, conſtant, uniform, 
and regular Motion of the Heart. 


Tay 
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Taz Arteries are ſtrong conical Ducts, larger 
towards the Heart, and leſs towards the Extre- 
mities of the Body, of an elaſtick Nature, and 
which dilate when the Heart puſhes Blood into 
them (this ſtrictly is called its Pulſe) and contract 
immediately when that Puſh is diſcontinued. 
The Veins, like the Arteries, are alſo Tubes of 
2 conical Figure, and their Office is to collect 

= Blood in an even Stream, as has 


deen ſaid, to the Heart, from the Extremities, 
whither it had been carried by the Arteries. 


e lx this, as indeed throughout the Animal \ 


cu. Syſtem, moſt admirable ſeems the Artifice of 
Nature. The Arteries are found conical as they 
at BY leave the Heart; the Puſh thereby made, is in 
ics part then moderated by the Reflexions of the 
or Fluid neceffarily produced by the inclined Sides 


art BY of thoſe Canals, to the End that Time and 
Opportunity may be thereby given to the ſeveral 
el, Ramifications and Outlets diſtributed all along 
the Horta, many of which are very ſmall, to 
ich gather up ſuch Part of the fluid Stream as ma 


© be wanting for the Nutrition of the Parts to whi 


they ſeverally belong: Whereas the Veins are 


5 obſerved always to enlarge themſelves as they 
i approach toward the Heart ; that the returning 


ftream, when the impelling Force is greatly: 


the BY abated and almoſt \ Hg may, by paſſing thro' 


che Tube filled wi 


a Fluid only, meet lefs 


rm. Refiſtance than muſt needs have. been found 
from a continued Friction along the Sides even 
Tus of cylindric Veſſels. 3 


THAT 
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Tnar this ſuccefiive Circulation of the Blood 
is no Chimera, may be evident from obſerving 
the Courſe of it in the tranſparent Membranes 
of Animals, with the Microſcope ; whereby 
the Globules of Blood may be diſtinctiy ſeo 
in the Arteries to flow with great Velocity ong 
Way, and in the Veins the contrary, with 
greater Maderation. 


_ Bx$1Dxs which, whenever an Animal is 
opened alive, if 2 Ligature be made on an 
Artery, it always ſwells between that and the 
Heart," its Beatings become a great deal ſtronger, 
and the Blood ſpouts out of it with a ſurpriſing 
Force, if an Opening be therein made: Where- 
ds when @ Vein in that Caſe is ty' d, the Part 
which is between the Ligature and the Heart 
is found empty, lax, and yields no Blood when 
ene. pO! 
Dux Section of the Arteries is always ſmaller 
than that of the Veins ; and of conſequence the 
Stream; being in theſe more confined, 
to be as mention d more rapid in them. 
Ag. 7. Plate g. is the Repreſentation of the 
Veins and Arterics filled with the Globules of 
the Blood circulating in one of theſe Animals; 
the Figure of which is drawn round, becaule 
the Spot of reflected Light, by which theſe 
Things are to be obſerved, exhibits ſuch a View, 
The Places marked' DD D, are thoſe where 
che Veins and Arteries were ſeen viſibly to 
communicate. * T 
1 HE 
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Tus Truth of it will alſo farther appear 1 
am obſerving the Veins on the Back of the | 
if the Skin be clear. Theſe Tubes are [ 
ed at fit Diſtances by ſemilunar Valves, ll. | 
ich on proper Occaſions ſhut downwards, or 
Wards the Extremities, to take the Weight of 0 
aſcending Fluid from off the Trunk of the 1 
ans laterally, which would otherwiſe be found 1 
enient, and give the Body ſome Pain. 1 
we immediate Relief and Eaſe we find 
wour lving down, ſhews, that the Abatement 
Wikis Preffure, even with theſe Contrivances, 0 
et inconſiderable. 5 


STROKE then your Finger down toward the 
es pretty hard, and 'tis odds but you'll 
oy ſome or other of theſe Valves: the con- 
ce of which will be, that the Vein a» 
de Valve will be full of Blood, and be- 
it and your Finger empty: on removing 
it will however fill immediately, and 
Circulation will appear then to proceed as 
Or elſe, putting down a Finger in the 
We Place to ſtop the Courſe of the Circula- 
Wn the Vein, ſtroke the Blood lying between 
Finger and the Valve upward, the fame 
Wag will happen, In order therefore to breathe 
Wen, a Bandage is to he made in any conver 
Wat Part ; and the Courſe of the Blood conti- 
forwarded from the Arteries into the 
being thereby partly ſtopped, the Vein 
Will {well below the Fillet, never above it, un- 
Win the Neck: Which a e. 
the 
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the Courſe of the venal Blood to be from the 
Extremities of the Body toward the Heart i. 
realy. 


C 
: 


Of DictsTION, SAnNGUIFICATION, 
and NUTRITION, 


AVING dipped thus far into the animal 
Oeconomy, the Curious will not be dif. 
pleaſed with a ſhort Account of Sanguification, 
or the Manner in which a Digeſtion of the 
Aliments received into the Stomach, furniſhes 
Matter to repair the Decays of Nature, and 
ſupply the Body with neceſſary Nutriment and 
Strength. 


SoLip Food being taken in by the Mouth 
reduced to a certain Degree of Fineneſs by the 
Teeth, and at the fame time mixed with the 
Spittle (a limpid Humour ſecreted or ſeparats 
from the Blood by particular Glands for that 
Purpoſe) is tranſmitted thro' the Gullet, whic 
is a Paſſage behind the Wind-pipe leading int. 
the Stomach, lying beneath the Midriff, anc 
fituated chiefly on the left Side of the Abdc 
men or lower Belly, where the Parts are farthe 
opened and divided by the Juices ſecerned b 
; 115 of the Stomach, and by what v 


—_— __wC—2 a6 . aw} == a- a. i 7 


Hencz it is gradually paſ'd into the fm 
Guts ; where meeting with two other Secretion 
from the Blood, namely the Bile or Gall, an 
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the pancreatic Juice, the one contained in a Bag 1 
annexed to the Liver, and the other ſupply'd | 
from a particular Gland, it is elaborated by the 

vermicular or worm-like Motion of the ſmall 1 
Guts, alſo involuntary, continually promoted | 
alſo by the Act of Inſpiration and Expiration, 
into a ſtill ſofter Subſtance. [ 

' 


From the ſmall Guts, the finer Parts of the 
Aliments, called the Chyle, are collected and 
abſorb'd by the lacteal Veins, opening into them, 
and by theſe are tranſmitted to the Receptacle 
of the Chyle, a ſmall Knot or Bag placed near, 
the Loins; being forwarded thither, not only 
by the continual vermicular Motion of the Guts 
abovementioned, but it is aſſiſted in its Progreſs 
onward alſo by the Power of the Attraction 
of Coheſion in the lacteal Veins themſelves, 
which are exceeding ſmall Tubes, and ſcarcely 
ever viſible in cold Subjects. 


Hence in the Progreſs of Digeſtion it is 
again puſhed upward along the thoracic Duct, 
alſo ſmall, as high as the Shoulder; being for- 
warded in its Aſcent thither by the continual 
Beating of the great Artery, or the Aorta, near 
which it is for that Purpoſe very rightly placed, 


Ir is thence emptied into the left ſubclavian 
Vein; after which it proceeds regularly with the 
Maſs of Blood to the Heart, and thenceforward 
continues to circulate with it, till by Degrees it 
becomes aſſimilated firſt, then perfect Blood, | 
and ſo helps to ſupply from time to time the | 

P natural 
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natural Secretions, to nouriſh the Parts, to ſerve 
the Uſes, and repair the Decays of the animal 
Syſtem. 


Ap truly admirable is the Diſpoſition of 
Parts in this whole Machine ; admirable the 
Execution of all its Functions; the Impulſe 
given from one Part always begetting Motion 
in another, that on the next, and fo on thro 
the whole Body. From the Circulation of the 
Blood, the very Being and perhaps the Motion 
of the animal Spirits are derived ; from the 
Influence of thoſe Spirits over the muſcular 
Fibres, very probably ariſes all muſcular Mo- 
tion ; from muſcular Motion the Circulation of 
the Fluids is maintained, in a great meaſure 
otherwiſe ſtagnant ; and from this Circulation all 
the neceſſary Secretions for the Continuance of 
Life are made, and the Veſſels of the Body are 
thereby kept ſupple, and preſerved in a fit Diſ- 
poſition and a Readineſs for Motion and Uſe. 


On ANIMAL INSPIRATION and 
EXPIRATION, 


1 E Buſineſs of Reſpiration, wherein the 
1 Air is principally concerned, will properly 
come next under Conſideration, And this con- 
fiſts of two Parts, Inſpiration, whereby Air 1s 
taken into the Lungs ; and Expiration, whereby 
it is thruſt out of them. Theſe are in ſome 
meaſure performed by the Power of the inter- 


coſtal Muſcles acting on the Ribs, dipoles in 
orm 
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Form of a ſemicircular Arch, and articulated 
with the Vertebræ of the Back behind, and 
connected with the Sternum before; which are 
the two Pivots or Centres on which they are 
made to move. 


Tur Diaphragm or Midriff is a Partition 
dawn quite croſs the Body, intirely dividing 
the Thorax or Cheſt, containing the Heart and 
Lungs, from the Abdomen or Belly, wherein the 
Liver, Stomach, Guts, Spleen and Bladder are 
contained, This is a Muſcle whoſe central 
Parts are tendinous ; the reſt is fleſhy, having 


* ns Fibres diſpoſed like Rays all round a Center. 


by its Diſpoſition and Structure it is capable o 
Expanſion, whereby it becomes concave below ; 
"- ad of Contraction, whereby it becomes flat, 


5 which it alternately does, and thereby becomes 
de principal Agent in the Article of Breathing. 


i Inſpiration, the Ribs being rais'd as above, 
' the Diaphragm is drawn up, and made flat; 

by the Complanation whereof the Cavity of 
nd de Thorax or Cheſt is enlarged, and the Air 
therein included, having no fort of Communi- 
ation with the outward Air, is thereupon in- 
ined to dilate : To prevent which, and pre- 
krve the Equilibrium, the Air from without of 
courſe preſſes down the Wind- pipe, and ſwells 
tie Lungs inſtead. 


Ix Expiration the Ribs fall; the Diaphragm, 
zunit which the Liver, Stomach and Inte- 
nes in the Abdomen alſo preſs, again ex- 
| TE 3 pands, 


k 
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pands, becomes concave, - and contracts the Cu. 
pacity of the Thorax ; upon which the Air 
therein incloſed, being ſomewhat compreſſed, 
bears againſt the Surface of the Lungs, cauſes 
them to contract, whence the Animal is made 
to expire; and this is repeated every time we 
draw Breath: In doing whereof the Lungs arc 
perfectly paſſive, and play only in conſequence an. 
of the muſcular Motion before deſcribed, aſſiſted WM m; 
by the Action and Influence of the Atmoſphere WM wi 


upon them. Air 
| Lur 
Tux Diſpoſition of the Lungs in the Buinels 
of Reſpiration is well repreſented by the Ma- 7 
chine Fig. 8. Plate 8. wherein A is a blown Wer 
Bladder tied faſt on the End of a Pipe B, de- N eite. 
noting the Wind-pipe, and communicating with cont 
the outward Air. D is a lax or looſe Bladder, Weng 
fixed to the Bottom of the Glaſs, and is vil 
lieu of the Diaphragm. The Air between ther, 
two Bladders in the Glaſs intimates that ſuf 
poſed to be pent up in the Cavity of the The Ir 


rax. This artificial Diaphragm being by the 
Hand puſhed inwards, the Air incloſed in thi 
Glaſs will be condenſed, and bearing againſt tht 
Surface of the artifical Lungs, will compre! 
them fo as to force out their. inward Air; 
it in real Expiration, happens: And again, be 
ing pulled outward, the contrary Effect will a 
pear, as in real Inſpiration it is. Both Acuo 
are repreſented by Hg. 8 and 9. Plate 8. 
T m 
_.. WnzNEveR any Animal, not of the y Ani, 
pliibious Kind, or one not living 3 ig in 
* by eith( 
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either by Land or Water, or Inſects, are in the 
pneumatick Engine deprived of their outward 
Air, the internal Air, in the Cheſt confined, 
will naturally dilate, and for Want of a Coun- 
terpoiſe to ſupport and keep the Lungs diſtend- 
ed, theſe will contract; upon which the Blood- 
reflels thereof will be all compreſſed and cloſed, 
and the Circulation being thus ſtopped, the Ani- 
mal will immediately fall into Convulſions; and 
without ſpeedy Relief by the Admiſſion of freſh 
Air, to counterbalance the ſaid Preſſure on the 
Lungs, certain Death enſues. 


Tas Manner in which this is done, is aptly 
n Wepreſſed by Fig. 10. Plate 8. from which if the 
- Whcrternal Air, and with it the communicating Air 
contained within the Bladder, be exhauſted, that 
r, Wconfin'd between the Membrane and the Bottle 
u vil by its Spring dilate, and thruſt the Blad- 
ler, here alſo repreſenting the Lungs, on a Heap. 


Ir may moreover be here remarked, that 
ere is a natural Contractility in all muſeular 


nd that whenever they are freed from the 
dunter- action of ſome adequate Force, which, 
i the preſent Caſe, the Air conſtantly received 
the Wind-pipe always proves, that alone 
fight be ſufficient to produce the Effect here 
fopoſed, 


[T may alſo be farther remarked ; That if 
Wy Animal has never drawn Breath, the Lungs, 
renin in that Caſe, ſpecifically heavier, will fink 


lbres, or a Propenſity to contract themſelves; 
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in Water: But after it has breathed, the Ve. 
ficles of the Lungs being diſtended with admit. 
ted Air, will always fwim. By this Method the 
Surgeon can poſitively ſay, whether an Infant 
ſuſpected of being ſuffocated, was ſtill-bornornot, 


On ANIMAL SUCTION. 


Bl. fro to» a0 ama 89<«a- 


Creature not an Hour old is Maſter of 
this needful Piece of Philoſophy and the 
Skill and Dexterity exerted, even by thoſe of the 
mute Creation as ſoon as they drop, is an In- 
ſtance of preſerving Providence not enough be to 
admired, Leſt a wrong Idea however might be 
affixed to a good and uſeful Word, it may b 

98 firſt to ſettle what by Suction is really t 

underſtood. | 


BP S. „ © = 


In order to this, we may take a Cupping - glaſ 
put it, the Mouth downwards, under a Receive v 
open at Top; but which may on Occaſion I 
cloſed by the Hand, as Fig. 11. Plate 8. E 
hauſt them thus together, and on ſhaking t bo 
Pump, the under one will be ſeen to freely more int 
the other, preſſed by the Weight of the Atmo 
ſphere above, will adhere to the Leather fa 
enough, 


Now were our Glaſſes fixed down to 
Plate of the Pump by any Power of Suctio 
they would, in this Inſtance, both be ſo ; wi 
is contrary to Fact. However, if we cat 
away the Hand from the Hole of the Recei 


5 


con 
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in this Circumſtance, and ſuddenly admit the 
e- Air upon the Cupping-glaſs from above, that 
it- WW Machine will then be fixed down by the Weight 
the ef the Atmoſphere, thrown upon it all at once, 
ant and the Receiver will be at full Liberty: 
ot, W Which to a Demonſtration proves, that it is 
no Property in Suction, but the Air's Preſſure 
only, by which the groſſer Fluids are made to 
move. And this is alſo farther evinced, by the 
iment mentioned in the Hydroſtaticłs, 

ro Page 48. to which we refer. 


the Ax Animal therefore, upon applying his 
In- Mouth to ſack, does no more than diſtend his 


whereby, ſtrictly ſpeaking, the Air is drawn, 
or ſucked into the Lungs ; at which Time, 
the rarer Air within, not being a Counterpoiſe 
to the denſer Air without, the Water from the 
opring, the Milk from the Breaſt, and the like, 
ze forced into the Mouth: Whence again, by 
working the Pump-work of the Parts of the 
Throat, qualified to act on that Occaſion as 
double Valve, or one that will occaſionally 
both ſuck and force, the Riſe of the Fluids firſt 
into the Mouth, and then their Deſcent into the 
stomach, is alternately promoted. 


On the SPRING or ELALTICITY of 
the AIR. 


PHE Preſſure of the Air having been al- 
ready undeniably demonſtrated, let us next 
conſider its Elaſticity. 1 

6 8 


4 


Cheſt, much as in the Caſe of Inſpiration, 


216 The Motion of FL uns, 


As the Air is a Maſs of fluid Matter, gene- 
rally yeilding to all Impreſſions, it may be ea- 
fily condenſed, and by Injection from a forc- 
ing Syringe, be crouded into Veſſels of Strength 
ſufficient to bear the Force of ſuch Compreſſure. 
In the Wind-gun, for Example, which is a Ma- 
chine ſhapꝰd like a Fuſil, into the Chamber where. 
of Air may be injected by a proper Syringe, till 
it is twenty times perhaps of the Strength and Te- 
nour of our Atmoſphere, and able to throw a Bul- 
let, by its Spring, thro' a Board ſeveral times ſuc- 
ceſſively, whenever Part of it ſhall be let go, or 
ſuffered to ruſh forth, on the Fall of the Cock: 
But yet the aerial Particles, in the greateſt Degree 
of Compreſſure poſſible, ſhall not be ſo wedged 
together, as to come to a general Contact: For WI | 
that would entirely deſtroy their Spring; which 
in the Nature of Things is impoſſible to be done. 


Common Air near the Earth, by the work- 
ing of the pneumatick Engine only, and with- 
out any extraordinary Degree of Heat to heigh- 
ten its Spring, may be very much dilated (accord- 
ing to Mr. BoyLe's Experiments, certainly 
thirteen thouſand, and probably four times a 
much) yet ſhall its Parts even then not want for 
Spring, tho? it muſt be exceeding weak. 


TRE Expanſion of the aerial Particles wil 
be better underſtood, if with Mr. BoyLs we 
conceive them, fine as they are, and impercep- 
tible to Senſe, to be like ſo many little Watch⸗ 


ſprings, coil'd round and contorted, but inf- oth 
| nit this 
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nitely more perfect; fince theſe are found to act A 
every way, and every way alike, in a ſpheri- a 
cal Manner; and by a certain Rotation round 
their Centres, beat each other out of their pro- 
per Spheres of Activity. 


SIR IsAac NRWTON, in his Principia, 
fays ; That if a Fluid confiſts of Particles re- 
felling one another with a Force reciprocal to the 
Diſtance of their reſpective Centres, ſuch Fluid 
will have a Spring reciprocal to the Space in 
which it ſhall be r which is certainly 
2 to the Air. For the component Par- 

es of this Fluid endeavour to expand and 
recede from one another with a Force ſo great, 
that the greateſt Compreſſure is not able to over- 
power it, or ſo to condenſe them, as to drive 
them within the Sphere of each other's Attrac- 
tion, and prevent or overcome their Elaſticity. 


the So that the more the Air is compreſſed, and 
th- WI its Denſity encreaſed, the more elaſtick ſtill it 
oh- b; becauſe the nearer its Particles are ſqueezed 
ord- together, the more they repel, and endeavour 
in to fly from, and avoid each other. And let the 
; 3 WI comprefſive Power be ever ſo great, or continue 
t for Wl ever ſo long, the Moment it is removed th 
will expand and recede from one another with 
a Velocity proportionate to the Degree of the 
wil Compreſſion ; that is, the Force, by which the 
ve Particles of the Air fly from each other, increaſes 
ccep-· ia the fame Ratio as the Diſtance in which the 
atch-WM Centres of the Particles are diminiſhed ; or, in 
inf - other Words, the repelling Force is inverſely as 
ite this Diſtance. | 
5 Tur 
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Tre Partjeles of Air are much compreſſed 
near the Earth by the incumbent Weight of 
the Atmoſphere above, which being removed, 
they immediately evolve themſelves, and extend 
what perhaps was but a Spherule at firſt, to a 
Sphere of large Dimenſions ; as will be evident 
from inverting a Bolt-head, or if you pleaſe a 
Florence Flaſk, almoſt full of Water, into a 
Jar, having little Water in it. For, on exhauſt- 
ing the ambient Air, which before buoyed it 
up therein, it will all gradually fink down into 
the Jar; and the ſmall Portion of Air, which 
before poſſeſſed but a little Room, will dilate, 
on” the ſinking away of the Water, fill the 
whole Flaſk, and in the Courſe of Exhauſtion, 
— 4 ſome of it may be ſeen alſo to riſe and 

bble thro' the Water thus all brought down 
into the Jar. This Experiment is repreſented 
Fig. 12. Plate 8. 


As another viſible Inſtance of this Spring, 
we may take a tight Veſſel, as Fig. 13. Plates. 
and fill it about a quarter Part with Water; 
ſcrew into it a Pipe, reaching nearly to the 
Bottom, into which afterwards inje& a Quantity 
of Air, which at every Stroke of the Syringe 
will be forced thro' the Body of the Water, 
and being the lighter Fluid, will take Place 
above. The Spring of the Air thus injected will 
by Degrees become very conſiderable, bearing 
hard againſt the Top and Sides of the Veſſel 
on one hand, and on the Surface of the Wa- 
ter on the other: So that upon "_ = 


, 
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Cock, it will thereby be forced up in a very 
ſmart Jet; and when the Water is all puſhed 
out and ſpent, the Air will follow in a vigo- 
rous Blaſt. 


Mucx the fame Effect might alſo be produ- 
ced, by Air of the common Degree of Denſity, 
in rarefied Air, as will appear from making the 
Experiment on a fit Machine for the Purpoſe, 
by only exhauſting Part of the Air from the 
Receiver ; the Figure whereof is repreſented 
Plate 8. Fig. 14. 


BuT certainly to determine what the natural 
Power of the Spring of the Air is near the 
Earth, put a Quantity of Quickſilver into a cir- 
cular Phial. Screw a Tube, open at Top, and 
upwards of thirty-one Inches long, into its Neck. 
Place it under an Apparatus that may be ex- 
hauſted. Which done, the Air pent within the 
Cavity of the Phial will expand, and by the 
Power of its Spring, raiſe the Mercury to the 
ſame Height, within a Trifle, as in the Gage-tube 
it does, from the Air's Preflure without: And it 
would raiſe it quite as high, but that the natural 
Spring of the Air, when Part of the Mercury comes 
thus to be thruſt from the Phial into the Tube, 
by that Expanſion muſt be ſomewhat weakened. 
Nor can the Force of the Air's general Spring, 
and its Preflure, be reaſonably any other than 
equal ; fince the Action of the one, and the 
Re- action of the other, are according to the 
Laws of Nature always equal and contrary. This 
Experiment is repreſented, Plate 8. Hg. 5. 
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A notable Inſtance of the Power of this 
Spring, may alſo be given, in its raiſing a conſi- 
derable Weight ; which is to be done by tying 
up a Quantity of Air in a ſtrong lax Bladder, 
Let this be either ſuſpended in a larger Receiver, 
with the Weight at the End; as ſuppoſe that 
repreſented by Fig. 5. Plate 8. or for Convenience 
rather let it be thruſt into a wooden Hoop, to con- 
fine and keep it from ſpreading ſide-ways. On 
this let the Weights be laid, as Fig. 16. Plate 8, 
Exhauſt the Receiver of the ambient Air, and 
that incloſed will by its Expanſion viſibly raiſe 
the Weights with a great deal of Eaſe. 


ANOTHER Evidence of the Power of this 
Spring may be had, by confining the Air with- 
in a ſquare Phial, not over-ſtrong, which when 
the Atmoſphere's Preſſure above 1s removed, will 
throw the Sides outwards. To preſerve the Re- 
ceiver in this Experiment from Damage, a ſmall 
Wire Cage is commonly put over it, as in Fg, 
17. Plate 8. | 


Tux following is an entertaining Experi- 
ment made on the alternate Contraction and 
Expanſion of the Air. This was before hinted 
in the Hydroftaticks, Page 118. and is here re- 
4 Plate 8. Fig. 18. Take a ſmall glaſs 

ollow Image, that will ſwim in Water, hav- 
ing a Hole made into the Cavity at Foot. Put 
it into a Jar of Water, under a Receiver. Ex- 
hauſt Part of the Air, and on admitting it ſud- 
denly again, Water will be thereby preſſed into 
the Cavity, and filling it in good ——_ 
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make it probably ſpecifically heavier than an 
equal Bulk of Water; then 'twill fink. This 
done, attenuate the Air in the Receiver a ſe- 
cond Time ; upon which, the Air remaining in 
the Body of the Image, will by dilating puſh 
forth a Part of the Water, cauſing it to emerge. 
And thus may it be made to riſe or fink in that 
Fluid, as often as the Experiment is repeated, 
23 at the Word of Command. 


Tux Uſe of the Air-veſſels in Fiſh is ſome- 
thing in the Way of the preſent Experiment. 
The Fins of theſe Creatures are not alone 
able to give them a due Command of Motion 
in all Depths of Water; they have therefore 
a Bladder of Air within them, fo diſpoſed, that 
by contracting or dilating thereof by the Power 
of their Muſcles, aſſiſted by the Preſſure from 
without, they can at all Times fink into the 
Deep, or riſe to the Surface of the Water, 
with great Readineſs and Eaſe, But when an 
Animal of this fort comes in a Jar of Water 
to be in Vacuo, the Air in the Veſſel beforeſaid 
will ſo expand, as to keep him wholly above 
Water, whether he will or not, to his great Pain 


- 


and Inconvenience, . 


Fox the fame Reaſon, a Piece of ſoak' d 
Spunge, when firſt put into Water, will per- 
haps ſwim only near the Surface; but when 
the Air, on exhauſting, has freed - itſelf from 
many of the ſmall Veſicles which it before 
poſſeſſed, and of which that Plant is full; 
and when, by a ſudden Re-admiſſion of Ak 
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Air into the Receiver, Water is forced into them 
inſtead, twill then probably fink : But on re- 
peating the Exhauſtion, it will again riſe ; unlek 
there ſhall be no Air remaining in thoſe Cells, 
to expand and make it once more ſpecifically 


lighter than an equal Bulk of Water. 
For a like Reaſon, Timber dug out of Boys 


and other moiſt Places will ſeldom ſwim in 
Water ; the Particles whereof having by various 
Accidents, in a great Length of Time, wholly 
diſlodged the Air from the Vacuities of the 
Wood. Whence it alſo appears, that even 
Wood itſelf is no otherwiſe comparatively lighter 
than Water, than as it has many Pares filled with 
Air, which is a Body many times lighter. 


THERE is a ſmall Quantity of Air common- 
ly incloſed at the bigger End of an Egg, be- 
tween the Duplicature of the Film that lines it, 
which being dilated by the Warmth of the 
Hen fitting, generally heaves up the Contents, 
and fo contributes to the Formation and Produc- 
tion of the Chicken. This little Portion of Air, 
on opening the ſmaller End of the Shell, turn- 
ing it down into a Jelly-glaſs, and exhauſting 
the outward Air, will not only expand ſo as to ſe- 

the ſaid Membrane from the Shell, to 
which it uſually adheres, but will even thruſt 
both White and Volk quite thro' the Hole into 
the Glaſs; which on re- admitting of the Air 
into the Receiver, will thence be made to retire, 
being forced by its Weight again into the Shell 
The Expanſion of this included Air will ſtill be 


more 
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more evident, if half the Shell be cut away, 
the Contents removed, and the Experiment re- 
peated. 


BEFORE this Subject is diſmiſſed, the De- 
kription of Hero's Fountain, playing by the 
ring of Air condenſed by Means of a Stream 
of refluent Water, will, 'tis hoped, not be un- 
xceptable. Fig. 1. Plate g. repreſents a tin 
Machine, conſiſting of two equal Veſſels A, 
nd B, both Air-tight, and communicating by 
the fide Pipe, marked C. The Veſſel B has a 
Pipe leading from the upper Baſon of the Ma- 
cine E, into which the Jet falls, quite thro” 
4, and reaching nearly to the Bottom of B. 
by Water poured in at E, as the Air has leave 
ſeely to eſcape thro* the Opening at F, B may 
thereby be charged half full, or more; which * 
n turning the Machine, will deſcend thro' C, 
he nd charge A in the like Proportion. The Pipe C, 

continued nearly to the Top, will alſo pre- 

ent the Return of the Water when the 
Ine is ſet again on its Baſis. This done, A 
l be charged with part Water, part Air, and 
b will contain Air only. Then on pouring as 
much Water again in at E, as will fill the Tube; 
nd the Weight of the Water contain'd between 
and D, endeavouring to force its Way into B, 
e Air both in A and B, as they communicate, 
l be condenſed in a certain Degree, and this 
jefling the Surface of the Fluid in B, the Jet 
Fl begin to play above thro' F, with a Force 
qual to the Difference of the Reſiſtance of the 
mmon Air, into which it rifes, and the Force 
of 


vours to thruſt as much of that yielding 8 


and Fleſh, which cauſes it to riſe undoubted 
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of the denſer Air in the Machine incloſed, Ang 
this Cauſe being all along uniformly continued 
by the conſtant deſcending of the ſet- water at 
E, the Effect will not ceaſe, till A ſhall hart 
parted with moſt of its Water, and then the 
condenſed Air will follow it likewiſe thro' the 
Jetting-pipe F, as in a Blaſt. 


„ www Due "SIS * 


The Manner of Currixs. 


HAT there is a Quantity of Air con- 
tained in the Fleſh and Humours 0 
the Body, will alſo appear in part from the 
Protuberance immediately riſing on the Di 


charge of part of the Atmoſphere's Weight ni ,; 
Cupping. In doing whereof, the Operator gene n 
rally takes a ſmall Glaſs cloſe at Top, and holding g 
it a little over the Flame of a Lamp, the commo 
Air being heated, its Elaſticity is thereby n 
creaſed, and a Part of it is accordingly thruſt out ka 
The Glaſs being ſuddenly then clapped on Mur 
Part to be cupped, the inward Air in cooling er, 
condenſes and contracts, and the Glaſs cone 1. 
uently adheres to the Fleſh in Proportion vil 
the Difference of the Preſſures of the interna»... 


and external Air. The Protuberance of Had. 
Fleſh becomes hereupon pretty conſidera o 
within the Glaſs, for two Reaſons : One, irony... 
the Preſſure of the external Air, which endes vert 


ſtance into the Glaſs as it can; and the other fra 
the Expanſion of the Air contained in the Flu 


ſome 
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ſomewhat higher therein than it would otherwiſe 
have done. The Glaſs being removed, the Part is 
immediately to be wounded by a Scarificator, 
which is a kind of Lancet with many Points, 
and then the Glaſs being a ſecond Time heated, 
and applied thereon as before, Blood and Sero- 
ities from the ſame Cauſe, are forced from the 
wounded Veſſels into the Glaſs ; and when one 
has done its Office, and drawn ſufficient, another 
b apply d, till the intended Quantity be taken, 


Ir inſtead of putting the Glaſs, when warm= 
ed, on the Fleſh, it be put for Experiment's 
lake into a Plate of Water, the immediate 
Riſe of the groſſer Fluid into the Machine, 
vill preciſely ſhew to what Degree the Air 
therein was rarefied by the Flame ; which pretty 
much depends upon the Dexterity of the Per- 


former, 


Tus beſt Way of Cupping is by the ex- 
tauſting Syringe, tho' the generality of Opera- 
tors do not as yet chuſe it. By Flame, the Air 
of a Cupping-glaſs cannot be well rarefied more 
than one half. By the Syringe, a very few Strokes 
will nearly exhauſt it. The Difference of the 
Preſſure in both Caſes muſt be very conſide- 
able, If the Cupping-glaſs be two Inches 
ver, it has been proved, Page 172, that the 
Ireſſure from without may in the firſt Caſe be 
perhaps twenty Pounds; in the ſecond, it may 
lometimes exceed forty. The Blood-veſſels in 
the Fleſh may be able to ſuſtain the firſt Preſ- 
lure pretty well, but will certainly be cloſed 


* 


—— —— — — — — 


Which will thereupon immediately become fine 


- Pulp will be puſhed forth in Froth, 


Tux Air contained in Fruits doth not a lit 


Manner in which the Progreſſion of the vege- 


made viſibly to riſe up the Stem into the-Head, 
by the Heat. 


BY Fans E iment will in ſome fert inte . 
mate ta us tl Progreſs and Riſe of the vege. 
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under the latter, by which the Efflux of the if 
ing Fluids muſt needs be ſtopped. One Stroke 
on the Syringe, perhaps half a one, may pro- 
duce the intended Effect in this Operation; and MI* 
two or three may defeat it, for want of Judg. W* 
ment. a * 


On the Riss of ' the Sap in PLANxs. Nc 


F RUITS alfo contain a great deal of Air 
1 


as may be demonſtrated by placing a 
velled Apple under an exhauſted Receiver, 


and plump; and if the Fruit be over-mellow, 
the Skin will probably burſt, and Part of thy 


tle contribute to their Growth, Perfection and 
Maturity, as will appear from conſidering the 


table Fluid is effected. | 

Ir we take a ſmall glaſs Bolt-head, heat 
the Bole of it at the Candle, and put the End 
of the Stem immediately into Water; that 
Fluid, on the cooling of the Machine, will be 


on the Condenſation of the Air before expanded 


tative 


The Motion of Furs, 227 
is Sap, with the Cauſe of ſuch Riſe. The 
„ of the Machine repreſents the extreme 
4 ad tender Parts of the Plant; the included 

ienſe Air, the Fluids lodged in thoſe Extre- 
>” Whites, and in general, thoſe contained in the 
Cells of the whole Tree. The Heat apply d, 
&notes that of the Sun in the Day-time, which 
s, Not only immediately acts upon and attenuates 


the Viſcidities. of the Sap, but alſo ſcrves to di- 
ate and enlarge the Cavities af the Plant, which 


1 {Whnakes ot enlarge itſelf and ſboot. The Liquor 
„ ing io che Stem of the Glaſs, ſignifies that af 
no ir zuices imbibed from the Earth by the Fibres 
x, che Root; whence they pals by ſmall Canals up 


the Body of the Tree, forwarded probably alfo 
by the Attraction of Coheſion within, as well 
s by the Preſſure of the Atmoſphere without, 
pecially when the Fluids came to ſhrink and be 
ein condenſed in the more tender Parts of the 
Fant, by the ſucceeding Cold of the Night. 
Whence it happens, that Plants which towards 
premng, being exhauſted of their Juices by a 
0 vigorous Porſpiration in a hat and fultry 
Vay, ſeem to languiſh and droop, but during 
be Night they recover, and again hold up their 


hat Was without being watered at all. 

be 

ad, WM. Vu ar greatly contributes alſo to the Mo- 
ans of che vegetative Sap, is the great Mix- 


ue there doubtleſs is af Air in maſt of the 
offer Fluids, which in the exhaufted Receiver 
ul vidbly axiſe aut of them like Steam, and get 
ge-; as may at any time be gry'd.an White- 
tive ne, or indeed any tranſparent Liquors that have 
2 undergono 
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undergone any Degree of Fermentation. Thefe 

are always replete with Air, Small-beer i 

particular is very much ſo ; the Particles where. WM 
of in YVacuo evolve themſelves and get away, p 
notwithſtanding the Viſcidity of that Liquor, 
very notably. : It may be obferved alſo, that all Wy 
Liquors by this kind of Operation become vapid il 3; 
and dead, BY 


Ir may be farther remarked, that the Bub- g. 
bles compoſing the Froth produced by theſe WM a; 
Experiments, always throw themſelves into the «, 
Form of an hexangular Solid, which is then 
only Polygon whoſe Sides would every where WM 4. 
meet, ſo as to leave no Vacuities between. The 
tubular Cells, made by the Bees in forming 
their Combs, are conſtantly of this Shape, 
'Thro' Ducts of this kind, thoſe Animals can 

with more Convenience and Freedom than 
if they had been either ſquare or triangular; 
and had they been of any other Form, the) 
would have been incompact, and leſs agreeable 
to the Sagacity and Contrivance of thoſe curious 
and ſedulous little Creatures. 


\ 


WATER, even when cold, will viſibly pie 
a good Quantity of Air, when the Atmoſphere 
ceaſes to preſs on its Surface with all its Weight: 
But whenever the Spring of the incorporate 
Air ſhall be heightened by any Degree of Heat 
it will appear to boil in the exhauſted Receiver 
and that ſo ſmartly, as ſometimes to make il 
flaſh over the Cup. | | 


ny 
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n Ir may in making this Experiment be ob- 
- (ved, that in this Ebullition of the hot Water, 
„part of the Heat will leave the Water, and be 
„ communicated to the Receiver: Whence it 
will appear, that Heat and Cold are not con- 
jeyed to Bodies by means of the Air. 
Beſides, it is found on Experience, that Heat 
x propagated thro a Vacuum with the ſame 
Faſe, and in the ſame Manner, as thro' the 
Air: For if a Thermometer be ſuſpended in 
racuo, it will undergo preciſely the fame Va- 
rations with one hung near it in the open 
Air, 


he 

ng 

ve On the THERMOMETER. 

* 5 

. ] ITHOUT entering upon the Nature 


of thoſe primary Qualities of Bodies, 
teat and Cold, Points very much controvert- 
td among the Learned, we for certain know, 
at tis the Property of Heat to dilate, and 
if Cold to contract, all natural Bodies what- 


ver. | 


Taar they have this Effect upon the moſt 

zd, as Metals, &c. appears from the com- 
bon Experiment, of exactly taking the Length 
a Bar of Iron cold, as between the two 
teeks of a Lathe ; heat it a little and it will 
lo expanded in Length, and proportionably 
Breadth, that it will evidently exceed the 
mer Meaſure, And that theſe Accidents 
Q 3 produce 
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roduce the fame Effect on fluid Bodies, was 
efore fully proved by the Experiments made 

on the hydroftatical Balance, mentioned Page 

133. The ſinking of the Water-poiſe deeper in 

all Liquors that are warm, in general ſhews 
them to be dilated, from their being in that 

Circumſtance lefs buoyant than when condenf. 
ed by Cold. 


Ap that Heat and Cold will act on the 
Air in like manner, will appear on filling 
Phial one fourth Part with Water, ſuppoſe, « 
Mercury. Then ſcrewing a Tube of fon: 
Length into the Neck, reaching nearly to the ho 
tom, as AB, Fig. 2, Plate 9. Blow a lit 
Air thro' the Tube, which will lodge in the up 
per Part of the, Phial ; the Spring whereof wi 
cauſe the groſſer Fluid to riſe, ſuppoſe to 0 
Immerſe the Machine in cold Water, and th 
Air in the Phial will immediately contri 
ſhewn by the Deſcent of the Fluid from 
perhaps to D. Take it again out of the Wi 
ter, and lay a warm Hand on the Bottle, 
will ſoon dilate, and puſh the Fluid up the dt 
perchance to E, 


ir 'a Flaſk of Water, . filled to half t 
Neck, be however immediately ſet on the Fi 
the Fluid wilt at the very firſt ſeem to f 
therein, occaſioned probably by the Expan 
bf the Glaſs being thin, and the Enlargeme 
of its Capaeity by the ſudden Heat; but 
very little Time it will riſe again, and c 
tinte { to do, by the ordinary Action 1 


o — ＋d— —_— n 
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Heat applied. But if a few Drops of Oil of 
Vitriol be put into ſuch a Flaſk, the Parts of 
the Fluid will be conſtricted thereby, and as it 
were condenſed, ſhewn by the ſinking of the 
Fluid in the Neck of the Glaſs, as it really 
thence becomes more cold. 


may here be obſerved by the by, that in 
255 Water may be boiled with great Eaſe, 
and without Damage 4 the Glaſs; whereas thoſe 
that are thick on being heated moſt commonly 
crack and fly. In ſuch the two Surfaces are ne- 
ceſſarily at ſome Diſtance; and the outer Parts be- 
ing dilated when ſet on the F ire, before the Heat 

an poſſibly penetrate to and affect the inner; 
fthattwo powerful Forces pulling different Ways 
ze thereby conſtituted, which ſoon demoliſh the 
Glaſs or other brittle Body on which the Ex- 
periment ſhall be made: Whereas both the in- 
ner and outer Surface of ſuch Veſſels as are thin, 
le ſo very near each other, that they, being heat- 
ed and cooled much at the ſame Inſta t of Time, 
ue therefore preſerved. 


= Ov Orgar ns of Senſation being in 2 vets 
utability, are very unfit to direct 
n in giving a poſitive Judgment of the De- 
grees of Heat or Cold in any Medium; for 
the Breath, which in the Summer ſeems cool 

w the Fleſh, in Winter appears to it wurm: 
And if we put a very warm Hand into Water 
moderately heated, and afterwards a cold Hand 
to the ſame, it will appear warm to this, but 

col 
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cold to that. But in this Matter the Thermo- 
meter will moſt certainly aſſiſt us. 


Tur Machine moſtly in Uſe for this Pur- 
poſe, was invented by the Florentine Acade- 
my del Cimento, and is ordinarily a ſmall thin 
glaſs Ball, having a long hollow narrow Stem. 
The Air being thence extruded by Heat, 'tis 
filled to a certain Height and Degree, accord- 
ing to the then Temper of the Air at that 
Time, with coloured Spirit of Wine, Quick- 
filver, or Linſeed Oil; Fluids not ſubject to 
freeze, This done, the upper Part of the Tube 
is by a Lamp ſealed up with ſome common Air 
unavoidably left in it, and by the Heat of the 
Lamp ſomewhat rarefied. This on Occaſion 
will probably aſſiſt the Motion of the fluid Co- 
| lumn, that is, hinder it from dividing in the 
Tube, when the Body of the Spirits comes to 
contract; upon which, otherwiſe a Part of it 
might be apt to hang by the Way, and would 
never regularly again move with the reſt (the 
Tube being commonly ſmall, and the Attraction 
of Coheſion between that and the Spirit therefore 
pretty ſtrong) asoften happens, it may beobſerv'd, 
in ſuch Thermometers as from whoſe vacant 
Part the Air is pretty well extricated. In which 
Caſe there is no better Way of uniting the Spirits 
ſo divided, than by tying the Thermometer on a 
Board, and whirling it briſkly about at the End 
| of a String; the centrifugal Force of which will 
| probably bring the disjoined Parts again to move 
1 and act together. Tut 
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- Tux Air included in the Stem will, on the 
dilating of the Spirits, indeed be a little conden- 
ſed in theſe Machines; and therefore the more 
curious Artiſt uſually makes an Allowance for 
it, by placing the Diviſions of the Scale at differ- 
ent Diſtances. For by the upper Part of a Scale, 
equally divided, it might indeed be diſcovered, 
that the Heat of the Medium was increaſed ; | but 
it would be difficult from it to judge in what De- 


gree. 


TI Eꝓriginal Air- thermometer had a Tube 
unſealed at Top, which tho' it might ſerve the 
preſent Occaſion tolerably well, in aſcertaining 
how much the Heat of the Hand or any Liquor 
into which it might be put, exceeded that of 
the Air; yet would it but uncertainly determine 
the Degree of Heat in the Air in general: Be- 
cauſe, being expoſed to the Atmoſphere, it 
would alſo be affected by its Preſſure, and of con- 
ſequence riſe ſometimes too much, ſometimes 
not enough; it is therefore at preſent not in Uſe. 


Tus leads me however to deſcribe a very 
uſeful Machine, contrived by Dr. Hook, 
called from its Uſe, the Marine Barometer, 
conſiſting entirely of two Thermometers of 
equal Length, thirty Inches apiece pethaps, 
fixed in the fame Frame fide by ſide, as Fig. 
3- Plate 9. One of which was exactly the Ther- 
mometer now in Uſe ; the other di from it 
only in having an Opening at D, whereby it was 
expoſed at Foot to be acted on by the Gravity of 
the Air, as well a 

wi 
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with regard to Heat and Cold. Let us ſuppoſe 
theſe two Machines put together and fll. 
ed, when as to cach of theſe. Circumſtances 
the Air was in a middle Way ; that is, the 
Weather about Changeable, the Air at Ten- 
perate, and let them be fitted up with pro- 
per Scales and Indices thus diſtinguiſhed. If 
then the Preſſure of the Air happened to be 
augmented, and its Temper not altered, the 
Conſequence was, that the Liquor roſe in the 
firſt, as ſuppoſe to E; but kept ſtationary in the 
ſecond. This intimated the Air to be more pon- 
derous, and conſequently that Fair Weather 
might be then expected. Whereas had the 
ſecond Thermometer riſen by an Increaſe of Heat 
in a like Degrec, as ſuppoſe to e, it would 
have indicated the Weather indeed to be warm- 
er, but in the ſelf-ſame Diſpoſition with regard 
to Weight, as when the Inſtrument was firſt ad- 
juſted : And had they ſunk in the ſame Degree, 
as to G g, juſt the contrary. Theſe Alterations 
were eafily to be obſerved and noted thereon, by 
help of a fliding Index fixed to a Wire, as H. 


Tux unavoidable Waſting of the Spirits, thus 
expoſed to the Air at D, efpecially in hot Coun- 
tries, was an Inconvenience that the late Mr. 
PaTRicKk removed, by ſubſtituting Quickſilver 
in the Room. His Method was this: A, Fig. 
4. Plate . is a glaſs Veſſel, capable of retuin- 
ing a certain Quantity of Air. B, in the in 
, is a fmall Ciſtern of Mercury, ſe- 

from the Glaſs with a porous and 
kind of Wood, to keep it from hoggns 
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to and fro in Carriage, thro' which however the 
Spring of the Air included in A might at all times 
eaſily act, and by its Spring prefs on the Surface 
of the Mercury. Theſe in his Machine ordinarily 
lie out of Sight; but the recurv'd Tube EF, 
comtmunicating with B, and thro' which it may 
de eaſily filled with Mercury to the Level B D, 
where indeed the graduated Scale ought to be- 
gin, is produced to View, and is denoted in 
the Draught by the Letter E, Fig. 5. Plate . 
which is a Draught of the Inftrument connected 
and put together. # is the Stem of a common 
Thermometer, appearing alſo to Sight; the Ball 
and upper Part whereof are bent backward and 
difpoſed of within. G and & are two fixed 
Scales unequally divided, both marked with 
the Diſtinctions and Terms of the Thermo- 
meter only. I and L are two ſliding Scales, 
properly divided, marked like the Barometer 
exactly, with the Indications of the Weather, 
and the ordinary Diviſions, vis. Inches and 
Decimal Parts, from twenty-eight to thirty- one 
between which, as has been faid, the Mercury in 
the common Barometer uſually ſtands. Theſe be- 
long, as the fixed Scales do, to either Tube one, 


Now if theſe Machines be put together, 
when the Air is in a middle State with re- 
guard both to Heat and. Weight, the 
_ in M will of itſelf naturally ſtand againſt 

emperate on K. And by blowing or forcing 
Air into A, thro' the Body of the Mercury, by 
the Aperture at E, the Spring thereof may be 
ſo increaſed, as ta throw the Mercury from the 
Level 
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Level BD, Fig. 4. to the ſame Height on 7, 
as the Spirit ſtands at on K. Things thus ad- 
juſted, ſhould both Machines then riſe or fall 
equally, *twill only indicate a Change in the 
Temper of the Air as before : If unequally, it 
will ſignify, that an Alteration in Point of 
Weight has alſo happened therein, the Degree 
of which is by this Inſtrument to be readily diſ- 
covered, by the following Method. 


SLIDE the moveable Scale on the Side con- 
trary to that on which you begin your Obſer- 
vation, for you may take either Side, till the 
Index thereof points out on its correſponding 
fixed Scale, the ſelf-ſame Divifion as that 
againſt which the Section of the Fluid on the 
Part of the Inſtrument firſt obſerved happens 
then to ſtand : Upon which the Section of the 
Fluid on the one Side thus adjuſted, will point 
out the Inch and decimal Part, marked on the 
Scale laſt moyed, at which the Mercury in the 
common Barometer does then ſtand, together 
with an Intimation of the Weather, An Ex- 
ample may render this familiar. The Mercury, 
for Inſtance, in E ſtands, let us ſuppoſe againſt 
forty, on G. Let L then be moved till the 
Index thereof points likewiſe at forty on 
K; then will the Section of the Spirit in the 
Tube, on its moveable Scale L, indicate what 
Weather may be expected, with the Inches 
and decimal Parts, at! which the Mercury 
then ſtands in the Toricellian Tube ; and thus 
vice verſe. 1 
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As the Obſervation may at any time be 
taken on either Side of thefe combined Ther- 
mometers indifferently, they will always cer- 
tainly agree as to the Weather : But with re- 
gard to the Temper of the Air, that will ea - 
fly be known by Inſpection, from the Spirit- 
fide of the Inſtrument alone. This Machine 
is ordinarily about a Foot long, is very manage- 
able, eaſily carried, and equally uſeful both by 
Land or Sea, 


AccorpinG to the Improvement laſt men- 
tioned, and contrary to the Uſage of all other 
Barometers, the Mercury finks in token of Fine 
Weather, and rifes on the Approach 'of Foul : 
Becauſe the Air's Preſſure coming on it from 
above, the Tube I being open at Top, the Air 
included in the Veſſel A, Fig. 4. Plate g. be- 
foremention'd, is either therein ſomewhat com- 
preſſed on the Acceſſion of new Matter, or 
dilated on the Abatement thereof: and this will 
be evidently ſhewn by the Riſe or Fall of the 
Mercury in E, whenever it ſhall happen. 


Tux Scales of this Infirurticas are larger con- 


ſderably, and the Diviſions more diſtinct, than 
thoſe of the common Barometer; ſince the 
Temper as well as the Weight of the Air are 
concern'd in its Performance. Dr. HAirey 
had one of them with him in his South-Sea 
Voyage. He gives it a good Character, and 
lays, he met with no Storm which was not 
endently foreſhews by it. 7b n 
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On ihe Hy GROMETER. 


j 


HIS Inſtrument ſhews the Dipolition 

of the Air as to Maiſture and Drigek, 
and may be af good Uſe in ju when it 
may be proper to air a Room tor the fake of 
the Books ar Farniture, and may be very cably 
made {everal Ways. | 


FissT, either by ſuſpending a little Weight at 
the End of a well-twiſted &lailic String, ſuppoſe 
2 Whip-cacd; or elſe by fing bach a Weight 
in the middle of ſuch à Steing, horinentaly 
bung looſdy over a couple of Tacks. The 
Moaſture in the Air will generally contract the 
Card, and raiſe the Weight; and in a dry Sca- 
ſan it will nat lengthen. anddower it. The 
Weight in this may ſerve as an lader, 
and a few Marks made on a penpendiculer 
Scale, will ſhew the Variations of the Air in 
theſe Particulars vary ſenſibly. T'he Effect of 
which may ap a lite Time be diſoovened, by 
taking it, if portable, into a damp Vault, and 


alterwards Outing it pear u Fe 


Tau twäiſtad Peas n d e Wüth 2 
Iwall Inde fixed 40 it, and a cireular Scale, 
ill make an excellent Hygramnater: For i 
will move by the Huroidity f the Rrenth. 
While you look at it. wake particular (Car 
6 | 


Ca- 
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Car-Gur will alſo ſerve this Purpoſe v 
well, as may be obſerved by the coming fo 
of the Man or his Lady, depending on ſuch a 
ting, from the Dutch Toy, called the Weather- 
kuſe, now well known here in England. 


Wuxx the Air is moiſt, the Particles of 
Water floating abundantly therein fix on all 
Bodies expoſed thereto ; they enter the Pares 
of ſuch as are of looſe and open Texture, and 
onſequently dilate and ſwell them very much. 
Hence wooden Doors, Drawers, and the like, 
xe generally found to ſtick in moiſt Weather. 
Wood be not painted, it imbibes them as 
iſt as they fall: If it be painted they ſettle 
a the Surface; and in damp Weather, tte 
Wainſcot ſtands on a Dew, and the Moiſture 
bmetimes gutters . down in Drops. Glaſs, 
tarble, and other denſe Bodies, of a ſmooth 
urface, ſhew us this on every Occaſion ; but 
Lirdage and the laxer Bodies adnyiting Humidity 
nto tes Vacuities with Eaſe, produce the 
ik here propoſed. ID 


Taar there is a good Quantity of Water in 
ie common Air at all Times, appears from the 
al, always ſeen in a clean Receiver while ex- 


2g, if the Candle be placed on the oppo- 
e. Wir Side. The watery Particles, diſperſed every 
dere more or leſs throughout the whole Body 
9 the Atmoſphere, according to the Difference 


{its Denſity, being. intimately mixed: there- 
th, and thereby Adained, are generally too 
DEE yg 5 minute 


o 
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minute to be viſible : But when the Air comes 
to be attenuated to a certain Degree, they begin to 
fall, and running precipitately together, become 
a . and evident to Senſe. The whole 

aſs, on ſuch an Occafion, ſeems filled with 
a Miſt, and the Candle view'd thro! it appear, 
to be encircled with a coloured Ring ; but when 
the Air is wholly exhauſted, theſe ſmall Drops 
being no longer ſuſtained, either fall to the 
Bottom, or are ſeen to ſettle on the Sides of the 
Glaſs in a kind of Dew. | 


Tx 1s will alſo farther appear from the Dew 
that, in hot Weather eſpecially, ſeems collectel 
on the Outſide of a Glaſs, or other ſmooth Veſſel, 
upon the ſudden pouring in of cold Water, 
By the great Degree of Cold, the watery Par- 
ticles, in the adjacent Air are at once condenſ- 
ed on the Surface, and become immediately 
viſible thereon, The like alſo is obſerved to 
N on the Windows in cold Weather, from 
a Condenſation of the aqueous Particles _— 
ſed in the Air within a Room: Which, if the 
Weather be inclined to Froſt, will ſoon cruſt over 
the Glaſs with Ice ; but if it be open Weather, 
they ordinarily gutter down in Drops. 


Warm Air, it may be obſerved, will al- 
ways receive, imbibe and diſſolve more Wa- 
ter than cold, in the ſame Manner that warm 
Water takes in more Salts than will a like 
Quantity cold. This appears to be fo, from 
the Moiſture of the Breath, wholly inviſible 
in Summer-time, it being then eaſily 2 
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into and incorporated with the warm circum- 
ambient Air: But quite otherwiſe in Winter, 
when being combs. as it proceeds from the 
Mouth, by the circumjacent Cold, it is with 
more Difficulty received therein; and therefore 
the Breath then remains viſible, after Expira- 
ton from the Lungs, for ſome ſmall Time. 


>” bt 0s BY CY eee ww UW®9 
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On the contrary, Water, according to Dr, 
HaLEes, will abſorb good Quantities of Air: 
For if Water be well boil'd, and left to cool, 
t will be pretty well purged of its Air. Take 


0 


bea a glaſs Phial of it, ſtop and invert it 
being a Portion of Air of the Bigneſs of a 
!, WH Hazle-nut ſuppoſe thereon ; in twenty-four 
. Hours time this will diſappear, and the Phial 
'- a {em fill'd with Water. Put in more Air, it 
- WY vill decreaſe in more Time, and at length be 
l wholly incorporated with the Water, increaſing 
o the Bulk of it proportionably. But when the 
n Water is well impregnated, and as it were ſatu- 
* nted therewith, it will take in no more, 
er | 
, On the Oxicin and PROORESSs of the 
Winds. | . 
al. HE Air has been proved by many Ex- 
[t- periments, to have in it a very fine 
"Wl ad lively Spring; whence it endeavours, being 
ke WY either 2 or dilated, to return to its na- 
Me tural D of Denſity wherever it ſhall be. But 


f bg farther Inſtance of this, we might exhauſt 
guy Veſſel of Part of its Air; apply the F _ 
R | 0 
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of a Candle to the Mouth, and on Opening 3 
Cock, the outward Air will forthwith ruſh in, 
and by the Motion of the Flame ſhew it does 
fo. And again, if the Air be condenſed in the 
Veſſel, the included Air will puſh out, and 
puff the Flame outwards, till the Degree of 
its natural Denſity within, is juſtly equal to that 


of the circumjacent Air without. 


pon this Reaſon, the Air within a Hoyle, 
will always be of the ſame Weight and Farce 
with that without; ſince it cannot but very 
freely communicate therewith by the Window 
and Outlets. It will therefore equally. preſs. on 
alt Bodies, and will evidently raiſe the —— 
trical Mercury as much within Doors as it would 
abroad. For ſhould the Elaſticity, of the Air 
at any Time be increaſed by ſome accidental 
Heat within the Walls, or ſhould the Air be ſo 
occaſionally condenſed by any extraordinary De- 
gree of Cold without, a juſt Eqilibrium wil 
ſtill be maintained between them, and the By: 
rometer will be equally affected, notwithſtand- 
thoſe Alterations; the ſame Quantity of 
* being in either Caſe incumbent thereon, 


Tu due Conſideration of this Endeavour 
of the Air to inaintain an Equilibrium in alk its 
Parts, will aſſiſt our Conceptions very: much in, 
tracing out the natural Cauſe of the Winds. 


ALL Fluids, by the Laws of Hydroſtaticks, 
endeavour to remain in a State of Reſt, and 
by conſequence immediately. move, to make 


by co 
good the Defect, whenever this Reſt is inter- 
rupted 
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apted: The Atmoſphere then is naturally in- 
clined to maintain a peaceful Situation, in form 
of a hollow Sphere or Shell, all round the Earth; 
but various Accidents: often conſpire to diſturb. 
its Repoſe, and ſometimes put it into very violent 
Motions. 


Os theſe accidental Cauſes, none procure ſo 
conſtant and certain Alterations in fluid Bo- 
dies, as Heat and Cold. It has been already 
hinted, that a Gallon of Water may be ſo. dila- 
ted by Heat, as to make neas fourteen thou- 
land times that Quantity of Steam; and. it. is 
evident to evety Eye, that in bailing only, Was 
ter often enlarges its Dimenſions very much. 
4 Gallon of Water, over a briſk. Fire, for In- 
unde, will: eaſily fill a two Gallon. Veſſel, 
and! be made even to overflow; to which the 
Ait incorporated: with the Water may perhaps 
not a little contribute. Nor is there any Room 
tb doubt, but» was a Bladder: of Air thruſt into 
boiling Water, the Spring of it would be ſo 
heightened by the ſudden Heat alone, as to burſt 
the Bladder immediately. 


Now as the Sun continually: ſhines on a 
great Part of the Earth and its Atmoſphere 
%5F Day, his Beams heat and exhale Va- 
peouts from the one, and rarcty and expand the 
tier; accordl ing to the Degrees of Heat. in. 
te ſeveral Latitudes of the Earth received. 
tween the Tropicks' his Rays are always 
ertioal,” ſtriking; pe icularly on one. Part 
* other of the: torrid Zone continually, as. he 


R 2 arrives 


arrives at the ſeveral Meridians ſucceſſively all 


— 
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round the Globe ; of confequence therefore, the 
Air muſt be very much heated and expanded in 
thoſe Places. In other Climates the Heat of the Sun 
is greater or leſs, according to their Situation and 
the Obliquity of their Aſpect with regard to 
him; and the Rarefaction of the Air in either 
Caſe, is in ſome ſort proportionable to the De- 
gree of Heat to which it is expoſed. 


_ FRomM this Expanſion of the Air, Motion WM | 
is therein produced, the Parts adjacent being 
conſequently thruſt thereby out of their Pla- 
ces. This is every Day done, till the Sun has 
paſt the Meridian ; when his Heat-abating, the 
Air, before heated and rarefied thereby, comes 
to be gradually condenſed by the ſucceeding 
Cold; and then, according to the Nature of 
Fluids, the denſer and heavier croud again in- 
to the Vacuities made : And thus a Flux or 
Current of Air is produced, or what we call a 


Wind rais'd. 


A Dicress10N concerning FAULTY : 
Cnuimunangys, Oc. raiſe 


47 make this familiar. by a common pole, 
Experiment, let us turn our Thoughts WW h to 
on the Wind-ſtove, which has a Plate to ſlip abou; 
down before the Cavity of the Chimney, in 
order to contract the Channel, and confine the 
Stream of Air, by which the Fire is to be 


blown up. We know, that when this * D 
OWN, 
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down, if the fire be well kindled, the Air will ruſh 
thro* the Bars like a Torrent, and make the 
Coals burn with great Vehemence ; but if the 
Fire be low, the Stream that ſets into the Chim- 
ney will be ſcarcely perceptible. 


Now it is plain, that the Air both in the 
Room and Chimney, before any Fire was kind- 
led, eſpecially in ſerene Weather, might very 
probably be in a State of abſolute Reſt ; and did 
not the. Heat of the Fire attenuate the Air about 
it, it would ſo continue: But being expanded 
thereby and rarefied, it becomes ſpecifically 
lighter than the Air adjacent, and conſequently 
emerges, by hydroſtatick Laws. This then 
mounting up the Chimney with the Smoke, the 
denſer Air, by its greater Preſſure, riſes out of 
the Room continually, to ſupply the Vacancy, 
And thus, for the ſame Reaſon that blown Blad- 
ders riſe in Water, a ſucceſſive Flow of Air, 
ora Wind, by this kind of Stove is ſucceſſively 


propagated. | 


By a Current of Air, or a Wind of this fort 
raiſed, the Machine called the Smoke-jack is 1 
turned. It conſiſts of a circular Set of Vanes, diſ- 1 

ſed like the Sails of a good Wind- mill, oblique- "Wl 
y to the Courſe of the Wind, in an Angle of 1 
about fifty- five Degrees, if made to do their ut- 14 
moſt. Theſe are fixed into a vertical Shaft or WH 
Pindle, communicating with a little other ſimple 19 
Wheel- work, coarſe and fit for the intended Pur- 
pole ; which, when the Fire is clear and hot, it 
drives about very briſkly _ Whence it appears, 4 

| 3 
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it is the Stream of the heated Air, and not 
that of the Smoke, which acts ſucoeſſively on 
the Vanes of this Machine, in much the ſame 
Manner as does a Stream of Water againſt the 
Blades of an Oar, or the Floats of a Water. 
wheel. 


An entertaining Experiment, to Hike Pur. 
poſe, might be made by a Paper Lantern 
adorned with Figures, fixed to à very light 
circular Frame of triangular Tin Vanes, diſpo- 
ſed in the Manner aboveſaid, each of them 
four or five Inches long, and at the bigger 
End about one and a half broad. Under 
this Machine, the Center whereof is to be 
hung on a fine Pivot ſet upright, a lighted Can- 
dle may be put (not too near the Gentre) the 
Flame whereof, we may obſerve, commonly 
ends in a Point (the adjacent Air being there- 
about very much heated) on which account, 
the Flame alſo, endeavouring to riſe with it, is 

rotracted or drawn out, and becomes pointed 
in the Part where the Heat is moſt extreme. 
The Air thus rare fied, will riſe ſteadily within 
the Paper, and giving ſucceſſive Shocks or Strokes 
to the Vanes, will by Degrees make the Ma- 
chine turn about pretty briſkly, and always the 
ſame Way. The Experiment is repreſented, 
Plate g. Fig. 6. | 


Fron the ſame Principle. alſo is promoted 
the Circulation of warm Aar, thrown into 
Co. _ Pp ee heated, undulating 

hollow iron Plates, diſpoſed generally in 
the Back and Sides of the Chimney, — 
common 
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cotamenly let into the Room, or a Set of 
Rooms, through an Opening made ſomewhere 
tboye the Fire-place, and the Conſumption 
thereby made, is conſtantly replaced by a Stream 
of Air, rifing thro' a Pipe or Channel, which 
conducts it from abroad. In this Caſe the heat- 
ed Air, firſt we gy, Fran upper Part of the 
Room, deſcends by ces as low as the 

Opening of the Chimney, thro' which, hav- 

ing performed the Office intended, it aſcends 

gain along with the Smoke. And this Circu- 

lation of Alr contributes very much to the Sa- 

lubrity, as well as to the Pleaſure of the Place, 


Ir may here be obſerved, that all Obſtacles 
to any Current of Air, when raiſed, put it to 
the Spring, and very much diſturb its Pro- 
weſs, by throwing it often into Whirls and 
Eddies And the Commotions therein pro- 
duced by theſe fixed Objects, very often in- 
terrupt the peaceful Riſing of the Smoke in 
Chimneys ; an Inconvenience very rarely to be 
got over, unleſs the Funnels can be ſo raiſed, 
u that they may deliver their Smoke beyond 
the Reach of the diſturb'd Air. | 


Wi frequently ſce a Chimney do its Office very 
well, except when the Wind is ſome one Ny ; 
tat is, when the Air about the Chimney- top is by 
ome Meahs of other ruffled or over-much gh- 
. viz, It is either thrown too fiercely on 95 

imhey, by the Length and Strength of the 
buſt, of perhaps by Depreſſion not feldom down 


t; dut mort geſerally ic is reflected from ſomePart 
8. om R 4 1 0 
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of the Roof or the adjacent Buildings, or elſe 
it is abſolutely commanded by ſome Eminence 
that over-tops it. For Example: The Wave of 
Wind A, coming over the high Wall B, will 
ur down and prevent the regular riſing of 
the Smoke from the Chimney at C, Fig, 8. 
Plate g. whereas it might have been ſhelter- 
ed perhaps from this Inconvenience, had it 
been placed more advantageouſly ſomething 
nearer the Object, as at E, or have eſcaped per- 
haps the Fury of the Blaſt in good meaſure, had 
it been removed to G. In the Choice of a Si- 
tuation for a Houſe, particular Regard there- 
fore ſhould be had to the Expoſition of the 
Chimney-tops, and proper Care taken that they 
be neither commanded by any thing very much 
above them, or that the Roof and the adjacent 
Buildings be ſo diſpoſed, that the Air about their 
Tops may probably not be diſturb'd by Reflexion, 
eſpecially when high Winds are abroad, 


SoME Regard is alſo to be had to the Dil- 
poſition and Make of the Chimney, As to the 
firſt ; it ſhould, if poſſible, never be placed be- 
tween Doors, into which briſk or boiſt'rous 
Winds may blow. This will interrupt the 
regular Riſing of the Smoke, and often force it 
out of the Chimney. As to the ſecond; it 
ought to be fo built, as to leave no undue 
Vacancies in the Funnel, or under the gather- 
ing Wings, Theſe are often Lodgments for 
Air, that may frequently be diſturbed, the i- 
regular Motion of which muſt affect the Riſe 
of the Smoke very much. "Twill _—_— 
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be always right, not only to lead the Smoke as 
directly and as ſtreight into the Shaft of the 
Funnel as poſſible, but alſo not to have that 
Funnel over large. For the ſame Reaſon, falſe 
Backs, and Holes made above the Fire-place in 
a Chimney, are little better than Receptacles for 
cool and agitated Air, and are ſeldom known 


to remedy the Inconvenience found, nor is it 
likely they ſhould. 


ConNTRACTING the Funnel or Section of the 
Chimney occaſionally, by a Sliding-plate, or 
Regiſter. croſs it, as is practiſed by Mr. PuiLLIrs 
and others, who with fonhiat undertake td 
remedy this Inconvenience, 1s a very good Way. 
When the Fire is juſt lighted, before the Air 
in the Chimney is much rarefied, and when 
there is a large and diffuſe Column of Smoke 
to be carried off, the whole Area of the Funnel, 
commonly left from ten to twelve Inches ſquare, 
s not too much for the intended Purpoſe. But 
4 the Fire kindles, and gives more Heat, the 
Channel may on Occafion be contracted to very 
good Purpoſe ; and ſo as to be ſomething like, 
if not nearly equal to the confining the Draught 
af Air in the Wind-ſtove at Bottom. NN 


A Contrivance of this Sort alſo, to ſhut the 
Funnel quite, might be added, of very great 
Uſe and Service whenever a Chimney* ſhould 
happen to be on Fire, that by wholly ſtopping 
the Draught of Air thro” it, it might be put 
out, . By ſuch a Device alſo, the over-great 
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Intenſenefs of the Fire might caſity be mode. 
rated, at any Time, 2 


IF a Chimney, not commanded by an Emi. 
nence, in an inconvenient Situation, or 
otherwiſe injudicioaſly diſpoſed of, does not 
draw well, it can only procted from the Want 
of a free Succeſſion of Air, to ventilate and fan 
the Fire, and to re-place from time to time, 
the great Expence of that Fluid, neceflarily 
mounting up the Chimney, when the Fewtl 1; 
well kindled, on Account of the natural Rare- 
fRion of it by Heat, already mentioned. 


Now to remedy this in cloſe Rooms, it will 
doubtleſs be of Service, to have an Opening 
keft, wth a Pipe or Channel from without, 
ſomewhere near the Fire- place, whereby regu- 
larly and in time to ſupphy what Air may be 
wanted, to keep the Fire alive and briſk. And 
this, there be no In-draught of Air 
from Windows and other Openings in 
the Room, will certainly. perform the intended 
Office to very good Purpoſe. But where latge and 
freer Openitps are, ſmaller Ducts, however judici- 
ouſly diſpos'd, cannot be ex to act: Sinec 
all Fluids naturally endeavour to paſs, where the 
greateſt Freedom, and the leaſt Reſiſtance id. 


Sven a Contrivance will not only contribute 
to the warming of the Room, but of preſerving 
an equal 'Temper therein, by continuing dhe 
Briſkneſt of the Fire, in the firſt Place, and in 


the Second, by not changing continually, 2 
4 otherwiſe 
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otherwiſe muſt be done, the warm Air for cold. 


night be very well placed, either behind the 
Ik of the Stor te, where too it would 
nerally be out of ſight: Or the Air might 
ally be made to enter by a Crevice, a Quarter 
of an Inch broad, left round the Jambs and 
dchind the Mantle-piece of the Chimney with- 
n, in which Places it would be neither inoon- 

wairat or unſightly ; neither wou'd it be liable 
to be chaaked up with Dirt. Was fo 

of this kind admitted into Practioe, Experience 
vou d ſoon direct the Pr 


— CN + 


an 


ut the beſt manner of introd 
nent, Which in our Clanate, in ſmall — 


» checially, ſeems to be greatly wanted. 


4 And here it may be remarked, that tis mort 
ad {MWg udicial to Health, to fit near a Window or 
Ar Door in a Room, where there are many Can- 
maſs Fire, than in a Room without: For 

Conſum af Air thereby occaſioned, 
— will always — conſiderable, and this muſt 
nceffarily be replaced by cold Air from with- 
wt, Down the Chimney can enter none, the 
eam gf warm Air, always riſing therein, ab- 
vltely forbids it: Tae Supply muſt cherefurs 
me in wherever ather Openings ſhall be 
bund. If theſe happen to be ſmall, and the 
(anſumption large, let thaſe who fit near them 
ware: The ſmaller the Flood-gate, the lmarter 
Wl be the Stream, i 


To 


252 De Motion of FLums, 1 


To prove this by Experiment, we need only. 
hold a Candle to the Key-hole of the Door of Wk 
the Room, where a good Fire is, and a conſtant Wy 
Stream of Air will be found to enter plentifully Wd 
thereat. Beſides, it may eaſily be remembered, Wh 
that in ſharp Weather, when we have had a brik 
Fire before us, -our Heels have been often ready 
to freeze, merely from the ſucceſſive Flux of cold 
and raw Air continually drawing toward the Fire 
to make good the Waſte, or what goes up the [ 
Chimney. And for this Reaſon it is that publick 
Aſſemblies generally procure the Profeſſors of MW! 
Medicine many Patients. To which indeed MW 
might be added; the alternate Heats and Colds e 
unavoidable in ſuch Places, which are nearly 
equivalent to the very great and ſudden Alten-. 
tions of the Weather that generally give People 
unexpected Colds. 


Was a Man, even in a Sweat, to leap into eo 
a cold Bath, or jump from his warm Bed in the 
intenſeſt Cold, even in a Froſt, provided do 
not continue over-long therein, and be in Health 
when he does this, we ſee by Experience that 
he gets no Harm, If he fits a little whil 
againſt a Window, into which a ſucceſſive 
Current of cool and freſh Air comes, even 
Summet-time,' his Pores are cloſed, and he gets 
a Fever. In the firſt Caſe, the Shock the Bod) 
endures is general, uniform, and therefore ck 
fierce and affecting; in the other, a fingi 
Part, Neck or Ear perchance, is attacked 
with the greater Violence probably, as it is 4 
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y a ſucceſſive Stream of crude and cold Air. 
And the Cannon of a Battery, pointed againſt 
; fingle Part of the Baſtion, eaſier make a 
of Peach, than were they directed to play ſingly 
Jon the whole Face of the Rampart, and will 
ly Wiimit the Enemy much ſooner into the Town. 
But to return. | | 


0 The Cask of the Wixps continued. 


he WT N the Burning Zone, where the Heat of 
ck the Sun is moſt conſtant, as well as moſt 
of Watreme, the Courſe of the Winds is obſerved 
i Wi be the moſt uniform and regular, whether 
14; Wie confider them as continual or periodical, 


ci Or the firſt fort is the Eaſterly Wind, 
ple {Wowing conſtantly between the Tropics, in 

ome Places as far as thirty Degrees on either 

ade of the Line, in others not ſo much: Of the 
ntoMitcond ſort are the Land and Sea-breezes, which 
the a thoſe Climates regularly blow from Sea to 
do lLnd in the Evening, and from Land to Sea 
n the Morning. | | 


Tux daily Revolution of the Earth being 
m Weſt to Eaſt, upon her own Axis, the 
kccefſive Rarefaction made in the Atnioſphere 
che Heat of the Sun, will be according to 
Ws apparent Courſe from Eaſt to Weſt ; and 
che Air, thus rarefied, comes by his De- 
ure to cool, and be again condenſed, the 
Motion of it will follow the Rarefaction con- 
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234 The Motion of Flunds, 
timed Weſtward, and thus is an Eaſterly Win 
there- perpetually propagated: 


Som indeed have aſcribed the conſtant and 
Eaſt- wind, thus blowing near the 
quator; to the diurnal Rotation of the Earth 
about its Axis from Weſt to Eaſt, whence they 
conceived, that the Air on its Surface might 
ſeem ta. move the. Way, as being, from 
the Vis Inertiz of Matter, in ſome ſort leſt 
behind. But as here are alſo faund. Wind 
that blow from other Points: of the J; 
and as tlie Air is known ta preſs on the Earth 
by its Gravity like other Bodies, to reſt upon it 
and there being nothing to hinder it from freely 
moving and revolving with it, (whictt by the 
way muſt very ſoon, happen). this cannot be the 
Cauſt of the Eaſterly Winds'in thoſe Parts, 


Dia the Sun. never depart” from the. Equi- 
nox, the Wind would very probably ' there 
never vary from the Faſt Point: But we find 
that as he draws. towards the North, im the 
Courſe of His Declination, as far as tweaty-tliree 
Degrees and near a half, the Rarefi&ttorr of the 
Ain ſhifts Northward after him, and the Wind 

nently follows, in the compound Dftrction 
fromthe Nort.and the Eaſt; fo lotig as the fn 
continues Nortli of the Line, tllat. is, rom Marti 
to Septeunlen. And when his Declination is Sbuth- 
ward, between 8 and Marci, for the 
ſame Reaſon the Flux of. the Air is according 
le or more Nartherly'; and in "the. Southern 


IR ft the ha - - Which 
Hemiſphere juſt tic contrary happens — 
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ma ting agreeable to Fac, of at Sea, in all tha 
uſt Etbropect — Atlantick Oceans, where 


there is nothi , it makes the Phy- 
na ical Cauſe of Winds, E. propaſed, more 
che tun hypothetical, 


hey Tz Reaſon of this. Variation is obvious. 
ehe The equatorial Parts beiog hotter than any 
i —— 1 555 
| emi y to ten 
nch an Way, and it general _— 
—— 8 dh — But as he declines 
ward the North Trepick, the Northern. Cur 
rat of the Air meeting in its Paſſage with the | 
laſtern. produces  Northeeak Wind on that 
We; a the Southern Current, joining with the 
ine on the contrary tide of On Ears, thaw 
duns a South-eaſt Wind. 


Turxe is. no Doubt, bus chat. if the whale 
whce- of the Globe was Seu, the beforeſaid 
Wod would blow: with the, fame Regularity, 
a thoſe Climates, quite-zound the Globe: But 
n regard great Continents. da often, in 
nd break the Continuity of the Oceans, Re- 


t muſt alſo be had to what, will follow from 


a1 & Nature, ditustion, and, Diſpoſition of their 
un 226 ether Aggidents, which. are Wan 
at eee tha ſteady Courſe of the 


n » in many . 


To acgounk in, pagticular for the Land and 
6 
ſet 
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ſet on and off the Coaſts in hot Countries, it 
will not be unnatural to ſuppoſe, That ſince the 
Water is found to imbibe and tranſmit many, 
or moſt of the Rays of Light falling thereon, 
and the Land to reflect them, that the Air 
during the Heats of the Day, muſt be much 
more expanded and rarefied over the one, tha 
is poſſible over the other: Beſides, the Sea cn 
yield none but unactive watry Particles, in Ex- 
halations; whereas from the Earth, nitrous andi 
other heterogeneous Particles may be exhaled, 
which meeting in the Atmoſphere, and ferment- 
ing with each other, may greatly contribute te 
. heighten the Spring, and conſpire with the Heat 
to increaſe the Air's Elaſticity, and cauſe it to 
riſe more briſkly above the Land. The denk 
Air from Sea then, ſetting in upon the Coaſt 
will become a comfortable Sea-Breeze to the! 
habitants all Day; and the Air thus rais'd, and 
perhaps heaped above the Land, cooling by the 
Chill of the ſucceeding Night, may thence recc 
ver Denſity and Weight ſufficient to thruſt back 
the Air from Sea, and returning the Way it cam 
may become a Breeze from Land. 


Ax hence one might expect, that the Pre 
greſs of the Sun from Eaſt to Weſt ought tl Cert 
produce rather a Weſt than an Eaſt Wind 
Since it ſhould ſeem; that the Air being den 
er in the Weſtern Hemiſphere, from the long 
er Abſence of the Sun, than in the Eaſter 
over which it had more lately paſt, might Mn 
apt to produce a contrary Effect to what | 
really done. And this would doubtleſs happe! the 


NATURAL and ARTIFICIAL. , 257 


was the Point of the greateſt Rarefaction that, 
to which the Sun ſhould at any Time be vertical, 
But as the greateſt Heats are obſerved commonly 
to be rather two Hours after that Time, or 
ſome thirty Degrees to the Eaſt of that Point, 
the Proceſſion of the Sun toward the Weſt is 
in Favour of the Eaſtern Current of Air, two 
Ways : Firſt, as it meets with the Weſtern 
Current making toward it, and diminiſhes its 
Efforts in the Courſe of the ordinary Rarefaction; 
ind, ſecondly, by this Point's ſhifting of itſelf 
conſtantly Weſtward, whereby a new kind of 
Impetus is given to the Eaſtern Current, which 


brward, and ſo gathers Power ſufficient to over- 
come the former, and drive it before, in its 
own Direction. 


Bes1DEs the more general Cauſes of the 
Winds hitherto infiſted on, viz. Heat and 
Cold, there may particular ones alſo be aſſigned. 
ch as, 1. The Approach or Elongation of the 
Moon in her Circuit round the Earth, and 
wen her Attraction in the Meridian, may be 
taſonably judged to raiſe a Swell of the Air, 
0 leſs than of the Water, in the Tides. 2. 
Certain Exhalations, that riſe out of the Earth 
dmetimes and occaſionally, in certain Places, 
© Earthquakes eſpecially, and from Volcano's. 
; The Fall of great Quantities of Rain, Hail, 
r Snow, cauſing thereby a ſudden Condenſa- 
lon or Contraction of the Air where that hap- 
ſens, 4. The ſudden melting of Snows, &c. 

u the higher Mountains, cauſing the great Con- 
1 8 denſation 


being thus put in Motion, continues it regularly 
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denſation of Air near them ſuddenly to ceaſe, 
Burning Sands, that often retain the ſolar 
eat to a Degree incredible to thoſe who have 
not felt it, _— thereby a more than ordinary 
Degree of Rarefaction in the Air adjacent, 6, 
The Oppoſition of high Mountains, that refled 
the Winds, and alter the Line of their Direction, 
and ſuch like. All which particular Cauſes may 
happen either to conſpire with, and ſtrengthen 
the general Cauſes before-cited ; or may oppoſe ( 
in part, or leſſen their Efforts, according to the i y 
Diverſity of Time, Place, and Circumſtance, p 
in the Courſe of Things. 


To theſe Particulars, and ſuch as theſe, is 
owing the manifeſt Irregularity and Uncer- 
tainty of the Winds in Climates far diſtant 
from the Equator. Nor can it be Matter of 
Wonder, if in high Latitudes the Winds be 


found variable, ſince between the Tropicks 5 
(where it might be leaſt expected, on account 15 


of the ſteady conſtant Heat of the Sun) in cer- 
tain Places from Diſpoſitions of one kind or... 
other, Alterations are found in the general Eaſt- ; 
erly Winds themſelves. For Example; in the * 
Southern Part of the Indian Seas, and far from 
Shore, the Wind blows always from the Eaſt or 
thereabout, according to the ordinary Courle 
thereof, in and about that Latitude: But 'ti 
obſerved, that in the North Part thereof, the 
Wind blows regularly from the Eaſt, as in other 
Places adjacent, but one half the Year, and the 
turns and blows directly from the Weſt, for the 
other fix Months; and theſe Variations, in par 


ticular 
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ticular Places, ariſing from particular Cauſes, 
ne termed Monſoons : That is, when the Sun 
draws toward the North Tropic, the ſeveral 
Countries lying near the Coaſts in the Torrid 
Zone, becoming hotter, reflect more Heat than 
the Seas beyond the Equator, which the Sun 
las left ; the Winds therefore, inſtead of blowing 
thence to the Parts under the Equator, blow the 
contrary Way : And when the Sun leaves thoſe 
Countries, and approaches the other Tropic, the 
Winds turn about, and blow from the oppoſite 
Point of the Compaſs. The Regularity of theſe 
Winds making them more than ordinarily uſeful 
n Navigation, they are from thence called the 
Irade-Winds. | 


Nok rn of the Tropick of Cancer, it may 
tt obſerved that the Moon has often a conſi- 
" &rable Influence on the Winds, which in the 
© Compaſs of fourteen Days, or half the Lunation, 
dinarily make an entire Revolution, and blow 
tom all the Points of the Compaſs. At New, 
lie Wind being at North, it paſſes on to the 


* it in a few Days, then to the South, and ſo on 
Weſt, and returns to the North about the 
y ull, in ſettled Weather. In unſettled Seaſons, 


Winds will often vary, and run a little 
kkwards, apparently againſt the Courſe of the 
Mn, as from Weſt to South-weſt, and fo to 
th : However, they ſeldom veer quite round 


2 this Manner, but ſtop at ſome of the inter- 
che ate Points, 

r tue | 

j par _ WiTH 
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Wir Regard to the Variety of Winds, by 
the Curious obſerved to blow, at the fame Time, 
in different Places of the Earth, this may pro- 
ceed from ſeveral Cauſes, worthy of Attention, 
As firſt; It being plain, that the Winds always 
move in the Direction of a great Circle, or one 
that would, was it continued, divide the Globe 
into two equal Parts; and did the Wind pro- 

ceed from two of the cardinal Points, that is, 
either from the North or South, it would then 
retain its Name over a great Part of the Globe; 
in that Caſe it would blow along the Meridian: 
But ſhould-the Wind proceed in any other Di- 
rection, it will ſeem very different in whatever 
diſtant Places it ſhall paſs over unleſs under the 


Equator when it blows due Eaſt or Weſt. Be- 
cauſe every one acquainted with the Principles 
of Geography knows, that all Rhumbs, which 
ive Denomination to the Winds, between th 
uinoctial and the Poles, are not ſtreight, but 
fpiral Lines. For Inſtance; ſhould a Wind s 
out from the Equator, in the Direction of fo 
Angle of forty-five in order to retain N 
the ſame Name, South-weſt for Example, the 
ought to croſs the Meridian of every Place, dif 
ſhalt- paſs over in the fame An l pe 
keeps right forward, that is impoſſible ; 1 
the Metidians are not fa but incline Hil 
Lines, all meeting in a Point in either Poe de 
Wherefore the Wind that is termed South-vef A. 
in one Latitude, will always carry a differe! - 


Name in another, 


r 
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A ſecond Cauſe of this Variation of Winds, 
obſerved in diſtin and different Places, may 
be from the adjacent Air's being thrown into a 
kind of an Eddy, by the Paſſage of a furious 
Blaſt, over a particular Track of Land: As in 
m__ when the Stream is rapid in the Mid- 
dle, the Side-water is alwa obliquel 
towards the Banks. nh av 


A third Cauſe may be, when in two Places, 
at a great Diſtance from each other, there hap- 
pens at the ſame time to riſe great Quantitiq; 
of Exhalations from the Earth, able not onl 
to diſturb, but drive the Air into Motion all 
round them. In ſuch Caſe, there muſt neceſſa- 
rily riſe two Winds, meeting each other in a 
contrary Direction to the very Point of their 


Congreſs. 


Tur fourth and laſt Cauſe uſually aſſigned 
for this Phenomenon, is the Oppoſition of high 
Mountains, which reflect the Winds, and ga- 
ther and turn them into a Courſe often very 
different from their firſt Direction. An Exam- 
ple of this we have in the Lake of Geneva, 
which ſpreads itſelf between two Ridges of 
Hills for twelve Leagues together. Here there 
are never known to blow any other than two 
Winds, that is, either up or down the Valley. 
The like happens, as the Seamen well know, 
off of Genoa, and ſeveral Places in the Mediter- 
ranean; when failing with a ſteady Wind un- 
der Shore, they. often meet with a Flood ot 

: 8 3 Air, 
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Air, or a Squall of Wind from the Openings of 
the Valleys, as they paſs, directly croſſing per- 
haps the main Current of the Wind at Sea, 


A Gentleman who had uſed to convoy the 
Greenland Trade aſſerts, That about the Iſland 
of Sprtſberg, is fixed a vaſt Ridge of Moun- 
tains of Ice, to which, from the Diſtance per- 
haps of fifteen Leagues, he has frequently, out 
of Curioſity, taking the Opportunity of a Wind 
blowing right upon them, endeavoured to fail 
towards ; but when he was about half way, 
he found he always loſt his Wind, and what did 
blow, was rather againſt him. This was occa- 
ſioned, no doubt by the Reflection of the Wind 
thrown directly on and rebounding from thoſe 
Eminencies, 


ABouT November, it may be obſerv'd, that we 
who live in a conſiderable Northern Latitude, 
are frequently viſited with high and boiſterous 
Winds. This may poſſibly proceed in part 
from the general Condenſation of the Air in 
the North frigid Zone, where they begin about 
that Time wholly to loſe Sight of the Sun. 
It may, in part, no doubt, alſo proceed from 
the Exploſions of fermenting oily Matter, 
which, after a hot Summer, may be diſpoſed 
to riſe from the Earth in ſundry Places when 
that Heat is abated, and occaſion ſomething like 
the Winds which are found to iſſue from the 
Mouth of Caverns, either when the Spring of the 

internal Air is heighten'd, as is faid, or — * the 


external is render d leſs denſe ; much as a Blaſt 


of 


Fam 8 enn * A” ths, 
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of ſtrong Air will be puſhed from Water boil- 
ing in the Eolipile. The Experiment to be 
made on which Machine is this: Take a glo- 
bular Veſſel of Copper, having a ſmall Pipe 
ſodered into its Side, Heat this Machine pretty 
well, and invert the Stem into Water : As the 
Eolipile. cools, the heated Air will contract, and 
the Water will riſe into the Cavity, and fill it in 
a Degree proportionate thereto ; perhaps three 
quarters full. Then ſet it on a Chafing-diſh of 
hot Coals upright ; as it heats, the Steam wall 
iſſue from the Pipe in fo violent a Blaſt, that 
will blow a Torch or Brand, held in the Way, 
like the Bellows of a Forge. This Experiment 
is repreſented Plate 9. Fig. 7. Should the 
Eolipile be reverſed when the Water boils, a 
ſmart Jet of Water would be thrown aut of the 
Pipe by the Repellency and Force of the confined 
Steam : And was the Machine filled with Spirits 
inſtead of Water, it would in like Manner pre- 
ſent you with a noble Jet of Fire, | 


SOMETHING like this Experiment may be 
obſerved to happen in burning green Wood, 
The Fluids contained in the Cavities and the 
Fibres thereof, being gradually dilated by the 
Heat of the Fire, puth briſkly. forth: They 
often rend and burſt the ſolid Wood to make 
their Way, and then iſſue in a Blaſt. The 
Action of the little Candle-bombs is alſo on 
the ſame Principle. Theſe are pretty ſtrong 
Bubbles of Glaſs, having a ſmall Quantity of 
Water incloſed, which being ſtuck near the 
Wick of a lighted Candle, when the Water 
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comes to be much heated, will ſo expand as 
- burſt the Glaſs with a ſurprizing Noiſe and 
orce. 


From ſome Cauſe ſimilar to this, we endea- 
your to account for the Origin of tempeſtuous 
Winds ; ſuch, for Inſtance, as are obſerved to 
blow, about once in ten Years, in the W:ft-In- 
dies, near the Iſlands called Antilles; viz. about 
Cuba, Jamaica, Porto-Rico, the Caribbees, Lu- 
cayes, Sotovento, and Bermudas: Hurricanes 
which blow, for the Time they laſt, with in- 
credible Fury, lay Waſte the Countries, and 
make ſtrange Havock at Sea. 


As Earthquakes are often felt there at the 
ſame Time, and Inundations often follow, tis 
more than probable, that great Quantities of 
nitrous and ſulphurous Matter, fit for Explo- 
ſion, being brought up to a fit Diſpoſition by 
Fermentation (hereafter to be more fully ex- 
plained under its proper Head) may get looſe ; 
and thus by the ſpringing of Mines as it 
were of fermenting Matter, ſucceſſively in 
ſeveral Parts of the Ocean thereabouts, the 
Devaſtation here deſcribed may be occaſion- 


ed: And that not only with Regard to the 


Commotion of the Air and Waters, by driv- 
ing away the Parts contiguous to theſe Ex- 
ploſions, in a very violent Manner; but alſo 
with regard to the great Hayock made among 
the Shipping, and even the Fiſh, which are 
always' found dead in thoſe Parts, in great 
Quantities, after a Calamity of this Sort has 

_- oa thru e 
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happened : Animals, which were it not for ſome 
external Violence, proceeding from the very 
Bottom of the Deep, might be very well ima- 
rined to be ſhelter'd from any Inconvenience 
that might ariſe from the Agitation of the 
Winds or Waters above. Beſides, theſe Hur- 
canes now and then preſent the Geographer 
wth a new Ifland, and ſometimes they fink 
ome upon him, or take away a Part of the 
od, Which is. alſo an Evidence, that the 
Cauſe of theſe very extraordinary Diſturbances 
rroceeds immediately from the Bowels of the 
bath; as indeed all outrageous Storms of 
Wind may, from a Parity of Reaſon, be very 
xell preſumed to do. 


is Txt Motion of the Winds is generally in 
of Wl Waves, as appears by the Sound of Bells, which 
o- Wi ſmall Intervals of Time are frequently ob- 
by Wl frved either to increaſe or be diminiſhed in the 
x- Whine Place very ſenſibly, juſt as the Guſt 
e; Wires it either to this Place or that. The 
it Whlotions of the Waves of the Sea, evidently 
in Wipelled thereby, often demonſtrate this: Since 
the bey do not all break on the Shore in the ſame, 
on- but very different Places. It farther appears 
the y the Effects often left by this kind of Storm; 
nv- Where, in the Compaſs of a ſquare League, we 
- call often find many Trees left ſtanding, when 
alſo any others, of equal Strength, and the ſame in 
ong Kind, have perhaps been over-turned. The 
are bancing of the Mercury in the Barometers- 
reat Wit curious Make, on theſe Occaſions, is ano- 
has Wir Evidence alſo of the unequal Compreſ- 
ed: ' fions 


I 
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ſions of the Air, under this Circumſtance: 
It likewiſe intimates, that Part of the upper 
Air is ſometimes removed by the violent Guſts 
in a Storm, which on. their Abatement foon 
returns. MN 


WHEN two great Winds happen to be in- 
clined to each other in an Angle of about 
fifteen or fixteen Degrees, *tis certain they 
condenſe the Air at the Place of their Con- 


greſs, and, according to the Rules of Percuſ- © 
ſion, make it flow almoſt a third Part faſter 5 
than either of them ſingly did. Suppoſing then 4 


that each of theſe Winds were going with 
the Velocity of twenty-four Feet in a ſecond, 
as A and B, Fig. g. Plate g. which is th 
uſual Velocity of offenſive Winds, againſt whic 
it is troubleſome to walk; the Wind compound 
ed of theſe two, will' proceed after their Con 
fluence at C, with the Velocity of about thirty 
two Feet in a Second, toward D. This appear 
from common Experience, as well as the Rule 
of Motion; and may be ſeen repreſented by the 
floating of a Paper, whenever thete is a Fall a 
London-Bridge, or at any Sluice of Water. * 


WurRE Winds are of equal Strength, ani 
directly oppoſite, they on Meeting deſtroy ec 5 
other's Force, and there produce a Calm; buf,” *© 
the Air will there be accumulated : Whenc 
'twill follow, that to preſerve the Equilibriu 


the Air muſt flow back either Way, above t 7 call 

main Current, and occaſion thereby two othe ggeſ 

ET contrar Ig 
in 
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* Wh contrary, but more gentle Winds, to blow from 
i Wl this Place above. 


Dr. DERHAM, in a curious and accurate 
Diſcourſe on the Motion of Sound, takes oc- 
alon to ſay ſomething of the Velocity of 
Winds ; which from many Trials, he con- 
cludes, cannot poſſibly move, in the greateſt 
itorms, above bfty or ſixty Miles an Hour; 
nd that an ordinary briſk- Wind may proceed 
frobably at the Rate of about fifteen Miles an 
Hour. The Courſe of ſome is however ſo gen- 
le, as not to exceed a Mile an Hour. 


Ir a r Wind meets ſide-wiſe with 
nother more weak, it carries away the Air 
neareſt to it, and turns it round with a certain 
Velocity, and this we call a Whirl-wind. This 
ndinarily goes on with the ſtronger Wind, and 
arries with it whatever is not very heavy. 


To ſomething of this Kind is aſcribed that 
extraordinary Meteor often ſeen at Sea, and 
ometimes at Land, very dangerous to Ships, 
nd whatever happens to be in its Way, 
alled the Water-ſpout. *Tis moſtly obſerved 
n hot dry Weather. Its firſt Appearance is 
n Form of a deep Cloud, whoſe upper Part 
white, the lower black. From the lower 
Part hangs, or rather falls, what we proper- 
call the Spout, reſembling a conical Tube, 
est above. Under this Tube is always a 
peat Boiling, and Flying-up of the Sea-water, 
8 in a Jet, For ſome Yards above the Sur- 
4 face 
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face of the Sca, the Water ſtands as a Column, 
from the Extremity whereof it ſpreads and 
goes off, as in a kind of Smoke. F requently 
the Cone deſcends ſo low as to touch the Mid. 
dle of this Column, and continues for ſome 
Time contiguous to it ; though ſometimes it 

rr A xg to it, at ſome Diſtance, either down- 
ight or aſlant. 


Ir is often ſcarce diſtinguiſhable, whether 
the Cone or Column appear firſt, tho' gene- 
rally the Boiling or F 3 of the Water 
has the Priority, and this immediately pre- 
cedes its being form'd into a Column. Ge- 
nerally the Cone does not appear hollow, til 
towards the End, when the Sea-water is thrown 
violently up the Middle of it, .as Smoke up a 
Chimney. Soon after, this Canal diſappears, 
but the Boiling up of the Water continues ſome 
Time afterwards ; and ſometimes till the Spout 
forms itſelf, and appears anew, which it wil 
do, on Occaſions, {everal Times in a quarter 
of an Hour. 


Taz — _ of ſo uncommon an Ap- 
— we dangerous to approach, is as yet 

t little —— the Affair of Electri- 
city excited may fo hereafter a proper So- 
lution : But Mz D La Prxyme, from a neat 
Obſervation of two or three of theſe Spouts in 
Yorkſhire, conjectures, that they are a Gyration, 
or whirling of Clouds, impelled by contrary 
Winds, meeting in a Point or Centre; and falling 
down in a great Tube, ſomewhat like ARCH!- 
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MEDEs's ſpiral Screw, where the greateſt Con- 
denſation and Gravitation is, by its working 
whirling Motion, abſorbing and raiſing the Water 
with a prodigious Force ; thus deftroying Ships 
at Sea, or rending off Arms of Trees, Thatch 
of Houſes,” Te. as it has ſometimes, in paſſing 
over thera, done at Land, 7! 


Tu Diſſolution of theſe Spouts may be 
ueribed to the Weight of the great Quantity of 
Water they generally have taken up, which im- 
pedes the Rapidity of their Motion, whereon 
their Force and even Exiſtence de When 
they break, they let go their Contents, which 
overwhelms whatever is found underneath.. To 
prevent the ill Conſequences whereof, our Sea- 
men, when near, endeavour to diſturb and break 
them, by Noiſes, and the firing of great Guns, 
which puts the circumjacent Air into a Tremor 
and a Motion different to. and oppoſite 
=" fort to that whereby they are im- 


To conclude this Subject; it may be re- 
marked in general, That tho' it is difficult to 
aſſign a phyſical Reaſon as yet, for all the Varie- 
ties that happen in the Syſtem of the Winds, by 
reaſon of Multiplicity of Accidents that 
_— in the natural Courſe and Circumſtance 
of Things; yet thus much do we know for cer- 
tain, that in hot Climates, where Exhalations 
are more copious, Hurricanes, Tornadoes, and 
more violent Storms, are common and ordi- 
nary, In the temperate Zones, wo the 
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Heats are leſs powerful, theſe Appearances are 
not ſo frequent or ſo furious. And in cold 
Countries, where, for want of Sun, the 
Air is alway pretty denſe, the Winds blow 
more gently, and move with greater Steadinef; 
than they are found to do in any other Parts 
of the Earth. | 


THe great Service the Winds are of to 
Mankind, in the Way of Mill-work and Ma- 
chinery, will ſcarce bear the Mention, when 
we conſider the vaſt Advantages the World 
derives from Trade and Navigation. By the 
Subſerviency of the Winds, Ships of prodigious 
Burden are conveyed round the Globe with 
Speed, Certainty and Eaſe, The Earth is diſ- 


covered by this means, the Nations are civi | 


lized, and the Redundancies of one Country 
made frequently to ſupply the Deficiencies 
of another. This again bears but a very ſmal| 
Proportion to the general Benefit theſe Tides 
of Air are of, in tranſporting to us thoſe Par- 
ticles of Humidity from the Ocean, which 
form the Clouds, and which water and fer- 
tilize the Earth. Were it not for theſe frequent 
Commotions in the Air, the Salubrity of it 
could not long continue: For all the noiſome 
Steams and offenſive Vapours, -that riſe over 
populous Places eſpecially, would there hang, 
and ſtagnating, would render this common Ma- 
gazine of ſubtile Bodies, a Maſs of corrupt, 
putrid and infectious Matter. 
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On the Natural Cauſes of Taunpes, 


LicyTNING, and METEoORs. 


AVING occaſionally mentioned the Ef- 
fects of fermenting Matter, in pro- 
ducing Earthquakes and extraordinary Storms of 
Wind, our next Enquiry may be, how far 
the ſame Cauſe may be concerned in the Pro- 
duction of Thunder and Lightning, and the 
other Meteors appearing in the Regions of the 
Ar, : 


FROM Obſervation, the Atmoſphere may ve- 
ry well be conſidered as a common Receptacle 
of all the Vapours exhaled from the Earth ; 
and we ſee Effluvia from an infinite Number 
of other Bodies do aſcend therein continually, 
All manner. of Scents, for Inſtance, whether 
proceeding from grateful or fœtid Bodies, the 
Steam and Smoke of things burnt or melted, 
the Fogs and Vapours ariſing from damp and 
watery Places, the Emanations from nitrous 
ad ſulphureous Subſtances, thoſe iſſuing from 
acid and alkaline Bodies, and, in a word, what- 
ever may be called volatile, riſes in the Air, 
and therein finds a Place according to their 
veral Weights, as in a common Magazine. 


SULPHUREOUS Steams riſe from Volca- 
nos, evidently in great Abundance ; the P 
of which are ſo very fine, and have ſuch a 


Repellency 


\ 
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Repellency in them, that they will continue 
to riſe even in an exhauſted Receiver, as may 
be try'd, by writing ſomewhat on a Paper 
with ſolid Phoſphorus, which is a chymical 
Preparation from human Urine, uſually kept 
in Water to prevent its Evaporation and 
Waſte. This being put under a Receiver, will 
ſoon become viſible, and riſe into a kind of 
lambent Flame, emitting great Quantities of 
Steam, but will not ſcorch the Paper; and if 
you exhauſt the Receiver, the ſame Appearance 
will continue with very little Variation, 


_ * oF " FT / 


| Varenivs, in his Geography, obſerves, that 
when the Spices in the Iſlands, where they {W'" 
grow, are ripe, the Seamen can perceive it, WM" 
merely by the Smell, at the Diſtance of ſe- I 
veral Leagues. In the Azore Iſlands, ſuch is WM" 
the corroſive Quality of the Air, from the WM" 
various Effluvia mix'd therewith, that the Iron, MA 
and even the Stones of the Buildings there Wt 
molder very ſoon : Whereas in the Province Wc 
of Chili, in America, the Quality of the Air" 
is ſo very mild and friendly, that though one Wh": 
puts up a Sword into a Scabbard moiſt, there 
will never be found any Ruſt upon it. Thee 
different Effects undoubtedly proceeed from 
the different Particles of Matter where with 
the Air in thoſe Places happens to be imprey- 
nated, 


Tux Effluvia emitted from Bodies, may be et 
reduced to two principal Claſſes, the Acid andi 
the Alkaline, though ſome there be that ap- Vin 


* 
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to be Neutral. The firſt generally pro- 
ceed from Subſtances that affect the Taſte in 
2 piercing and pungent Manner; the Points 
of which are therefore preſumed to be ſharp, 
rugged, and much broken. The ſecond of- 
ten riſe from the Subſtances formed of Parti- 
des appearing to the Tongue tart, rough and 
leterſive. Theſe are ſuppoſed by ſome to dif- 
fr from each other both in Nature and Form: 
vince, whenever two Fluids of theſe kinds are 
mixed together, a ſtrange Conflict and Commo- 
ton immediately enſues. 


THis may poſſibly not only proceed from 
he Ineptitude of the Parts of their conſti- 
went Particles for uniting and coaleſcing ; but 
ib from the alternate Attraction and Repul- 
fon of their Parts: And it 1s not improbable, 
but that there may be a Polarity in many o- 
ther Parts of Matter, as well as in the Mag- 
tet and Iron, in which they are certain and 


nconteſtable. That there is ſuch a Property in 


kveral fixed and chryſtaliz'd Salts, is pretty ap- 
arent, by their always ranking and diſpoſing 
themſelves in one certain unalterable Manner, 
8 often as they are reduced from a fluid to a 
ned State. 


And to this ingenite Property of Attraction 
nd Repulſion, it may with ſufficient Probability 
e preſum'd, that the inteſtine and fermentative 
Motion ariſing from the jumbling together and 
ning of theſe kind of Bodies, is principally 
wing. The acid Particles, for Inſtance, in mix- 

T ing 
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ing Juice of Lemons and Salt of Wormwood, 
may be well conceived to attract ſome of the 
faline Particles ſtronger than before, and to te- 

others with as great a Force, according as 
their Poles in ſuch Mixture chance to meet, and 
be obverted to each other: Hence ariſes a great 
Commotion between the acid and alkaline Cor- 
puſcles, and from their leaping and bounding 
alternately into and out of each other's Sphere 
of Activity, being themſelves probably alſo of 
an elaſtic Nature, which muſt neceſſarily en- 
courage an Ebullition, and often bring on an 
Efferveſcence, that may continue till all the 
Particles, both acid and alkaline, have met each 
other at their proper Poles of Attraction; which 
1s no ſooner done, but the Ebullition ceaſes, 
the Mixture ſubſides, and the jarring Particles 
then ſeem united in a friendly manner. 


AND here it may be obſerved, that the At- 
fair of Fermentation is, by the generality of 
the later Philoſophers, allowed to be one of the 
obſcureſt Proceſſes in Nature; and in a great 
Meaſure a Myſtery, to which their Principles of 
Inequalities in the Attractions of Coheſion of 
Bodies do not fully reach: For Inſtance, in 
the Degree of Fermentation cauſed between 
Solids and Fluids, in order to procure their Dil 
folution, the Particles of the former are by 
them ſuppoſed to attract thoſe of the latter with 

ter three than either thoſe of the Fluid 

or of the Solid attract one another ; whence the 
ſaid Effect is thought to be produced. And with 
Regard to the Fermentation of Fluids with 
"RS | Fluids 
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Fluids (or the Cauſe of the great Variety of 
beautiful Motions, which for a long Time to- 
gether appear in Liquors, which either ferment 
of themſelves, as Muſt or 'new Wine, or that 
become defecated by the Addition of Yeaſt or 
other fermentable Matter) they do ſo lamely ac- 
count for the inteſtine Commotion, the Bound- 
ing and Refilition of the ſmall and inſenfible Par- 
ticles of thoſe Bodies, ariſing without any me- 
chanical apparent Cauſe, and producing ſuch 
conſiderable Alterations therein, even tho' the 
Elaſticity of the Air be admitted into the Pro- 
ces, that the abovementioned Hypotheſis may be 
receiv'd, at leaſt till Principles ſhall be diſcover'd, 
that will better correſpond with the notable Ac- 
tivity of fermenting Matter, than a ſluggiſh In- 
quality of Attractions and Cohchons ſeems to 
(0, 


Ir may however be objected, that this of 
krmenting with an Acid is ſometimes but a fal- 
kcious Criterion of an Alkali : For Qil of Vi- 
nol is the ſtrongeſt and moſt concentrated 
Acid we know, and therefore whatever fer- 
nents with it ſhould be of an alkaline Nature: 
Whereas tis certain that it will ferment with 
bme Bodies that ſeem to be neutral, and even 
mth Come that are allowed to be acid. From 
Mixture of fimple Water, Quickſilver, Natre, 
Sc, only an Efferveſcence and Heat enſues ; 
nd theſe are, properly ſpeaking, neither acid 
or alkaline. Nor does the ſtrong Acid be- 
renamed mix without ' ſome Commotion, 

| T 2 with 
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with Rheniſh Wine, and many other confeſſed. 
ly acid Liquors. 


In anſwer to this, it may be offered, That 
tho' the Bodies mention'd may appear to be whol- 
ly of the neutral kind, it is not improbable but 
they may be heterogeneous, at leaſt in ſome 
Degree: And tho” the Acid and the Alkali may 
ſo far predominate in ſome, as evidently to diſtin- 
guiſh to which Claſs they belong ; or they may be 
ſo happily mixed in others as to render that Mat- 
ter difficult; yet when either of theſe come to 
be reinforced by the Addition of freſh Matter 
of either kind, and a Commotion and Conteſt 
-happens to be renewed, it may prove no more 
than that the Diſcordancy of the Particles oppo- 
ſite in Nature is continued, which before were 
quieſcent, as being then equally matched, andi 
the State of two equal and oppoſite Forces, mu 
tually deſtroying each other. 


VoLATILE Salts, ſuch as are extracted 
from Hartſhorn and the like, are of the alk! 
line kind. Theſe are known eaſily to evaporat 
and be diſſolved: in the Air; not only by th 
ſtrong Smell continually ariſing from them, bu 
alſo the Abatement of their Quantity, if the 
be left any Time unſtopped. Acids do the ſ 
thing, but in a leſs Degree ; as may be inferr 
from the ſour Smell hanging about, and rifin 
from Vinegar, Spirit of Salt, and Things of th 
Tribe: And theſe being diſtinguiſhable by t Par 
Smell, all Bodies that on the Mixture 5 : , 
| | en y | 


The Motion of FLulps, 277 


them, ſhall ferment, may be preſumed in ge- 
neral to be of the alkaline Kind, 


PARTICLES of Matter, ſuch as theſe, 
either riſing of themſelves, as being leſs denſe 
than the Air, or exhaled from difterent Soils 
in the various Parts of the Earth, by the Heat 
of the Sun, however peaceful and innocent in 
their own Nature they may fimply be, yet 
meeting with and being mix'd with other Par- 
ticles of a different and a diſagreeing Kind, 
may begin of themſelves to ferment, and may ſo 
briſkly operate on each other, as to produce very 
ſurprizing Effects; of which any one will b 
convinced, that has ſeen the Mixture of two 
Liquors of this Kind, from the ſudden Fer- 
ment and Diſcordancy produced thereby; as of 
Spirit of Nitre or. Agua Furtis, and the Spirit 
of Sal Ammoniac, or Salt of Tartar. Even 
the Effluvia from theſe Bodies meeting in the 
Air, begin a Degree of Efferveſcence, and thence 
became ſometimes viſible, Hence it is rea- 
ſonable to ſuſpet, that our ſtinking Fogs, 
which have uſtally alſo ſome Degree of Heat 
in them, are thus produced by the Mixture of 
Vapours of different Kinds, riſing from the 
Earth on certain Occaſions. 


Taz Salubrity then or Unwholeſomeneſs of 
the Air, in general, proceeds no doubt from the 
different Combinations of the heterogeneous 
Particles, that conſtantly make their Way into 


"al it: And healthful Seaſons and Situations: great- 
then depend on the Effluvia ariſing from the * 


$$ 
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of the neighbouring Places, or what happens 
to be wafted in the Winds. Many of which, 
tho' innocent and wholeſome in themſelves, 

et being mixed, may become hurtful to 

ife; and, on the contrary, ſuch as are preju- 
dicial thereto, may chance to be joined with Ef- 
fluvia from Matters of a different kind, fo as 
to have their Malignity mitigated, and may 
thereby become indifferent, and even healthful, 


An Inſtance of the latter Sort may be produc'd 
from crude Mercury, and the Effluvia raiſed from 
Vitriol, common Salt, and Nitre, none of which 


are poiſonous alone; but when they come to | 


be mixed in the Air, being ſublimated by 
Fire, become the moſt deadly of all Poiſons, 
namely the Corrofrve Sublimate. And from Che- 
miſtry we fatther learn, that this very pernicious 
Poiſon, being raiſed again in like manner, that 
is, re-ſublimed with other Quickfilver, loſes by 
Degrees its noxious Quality, and becomes the 
good and wholeſome Medicine called Mercu- 
rius dulcts, or Calomel. 


IT may here be obſerved, that raiſing any 
of theſe Subſtances into the Air, ſimply and 
unmixed, makes not the leaſt Alteration in them; 
ſince Sulphur, Camphire, Sal Ammoniac, Mer- 
cury, diſtilled Waters, and even Tin, when ſub- 
limed by Fire alone, provided the Fumes be 
, be e by Glaſs, or ſome other ſolid Matter 
properly placed, to keep them from a total Eva 
poration, will be converted again into = 
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fully poſſeſſed of all the Properties they original- 
ly had before the Operation, but more purified. 


Tur Atmoſphere then being the common 
Receptacle of all ſubtle Matters leſs denſe than 
itſelf, it cannot be diſputed, but that Particles 
of very different kinds are conſtantly riſing 
therein in great Abundance. And as acid and 
alkaline Matters, on meeting, always naturally 
and evidently begin on __ other ſome De- 
gree of Fermentation and Efferveſcence, - we 
cannot be long at a Loſs for a Cauſe of the 
ordinary, but ſufficiently dreadful Phænomena 
of Thunder and Lightning. It is therefore 
more than probable, that the Parts of the At- 
moſphere next the Earth may abound with 
ſpirituous Particles, perhaps of the nitrous kind; 
and that at certain Times, and on certain Oc- 
caſions, other Particles may be exhaled from 
the Earth, of a ſulphurous, unctuous, or com- 
buſtible Nature, which will act vigorouſly on 
each other, and take Fire, when they are 
brought up to a certain Degree of Heat by Fer- 
mentation. 


THERE may alſo be a thin kind of Va- 
pour, Damps or Steams arifing from mineral 
and ſubterraneous Bodies, which being let looſe 
into the Air, and meeting with the Nitre 
or other - Salts thereof, though neither of 
theſe may have any ſenſible Degree of Heat 
in them ſeparately, will ferment and act ſo 
briſcly on each other, as to produce an actual 
Flame. 60 IF 


THis 


_ * * 
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Tuis is what has often happened in Mines, 
and eſpecially if thoſe Vapours chance to be 
kindled, as they ſometimes are, by the Lights 
the Workmen uſe ; though very often they ful- 
minate of themſelves, and then the whole Train 
of Matter, mixed with the contiguous Air, will 
immediately take Fire, and, like a Train of 
Gunpowder, run from one End of the Vapour 
to the other. And this is done with that Swift- 
neſs and, Violence, that it frequently deſtroys 
the Miners, blows up their Works, and pro- 
duces as fatal Effects as if a Quantity of Gun» 
powder had been fired in the Mine, 


SOMETHING of this kind may be obtained 
from Experiment, by putting ſome Iron Filings 
into Spirit of Vitriol in a Phial ; ſtop them up 
a ſhort Space together, and a Fume will riſe 
from this Mixture, that will fulminate when 
apply'd to the Flame of a Candle, One Part 
whereof being kindled, twill immediately be 
communicated to the whole, the Fume being 
denſe, much as all the Parts of a Quantity of 
pounded Refin, thrown from the Hand into 
the Air, near the Flame of a Candle, ſeems 
to blaze all at once; which is the Manner in 

— 1 the Theatres, Artificial Lightning is 


No ſooner ſhall the Mixture juſt above pro- 
| poles be be made, but twill fall 1 into 
| and quickly become ſenſibly warm to 
the Has Hand ; and no. onE that has ſeen the ſudden 


a 4 Ferment, 
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Ferment, the vigorous Ebullition and Efferveſ- 
cence frequently produced between Bodies of 
this diſcordant, jarring Nature, but will readily 
low, they can only be brought about by the 
reciprocal and vigorous Action of their Par- 
ticles upon each other, 


THERE are indeed Experiments, wherein ſuch 
Mixtures are found to bring on a Degree of in- 
tenſe Cold, ſenſible to the Hand as well as ſhewn 


by the Thermometer; and by which our artift- 


cal Congelations are effected. As the former, by 
the Activity and Repellency of their Particles, 
heat and rarefy the compound Fluid; ſo theſe, 
from a Preyalence of Attraction, perhaps, and 
fom an Aptitude of their Parts to unite, fall 
into and fill the Interſtices of each other, when 
the Commotion ceaſes, become thereby con- 
denſed: And 'tis obſervable, that Bodies are 


Hence it is that Water is always colder than 
Air, and Mercury than Water ; Plaiſter than 
Boards, and Marble than Plaiſter. 


Ir has been faid, that a convenient Mix- 
ture of Sulphur and Filings of Steel, with a 
little Water ſtirred briſkly together, will not 
oaly produce a great Efferveſcence, but will 
bmetimes break out into an actual Flame. 
bim ſomething of a like Cauſe probably pro- 
'0- WW feds the extraordinary Heat found in the Bath 
o Waters, and other hot Springs; wherein two 
to Waters, of themſelves alf cold, flowing 
en through Veins. of chalybiate and ſulphurous 
t, nd "> 9 Matter, 


generally cold in Proportion to their Denſity. 
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Matter, within the Earth, on mixing together 
may produce this Effect, 


In the fame Manner alſo we account for the 
Conflagrations of Ætna in Sicily, Veſuvius in 
Naples, and all other Volcano's or burnin 
Mountains. Theſe were kindled at firſt, no 
doubt, by the Diſcordancy of a fit Mixture 
of Sulphur and Particles of Iron Matter in the 
Bowels of the Earth, which, when the Fer- 
ment was become ſufficiently ſtrong, broke out 
into a Flame, that has burnt for many Ages, 
and which will continue to burn ſo long as Mat- 
ter ſhall be found for a Supply in thoſe Places. 
The great and ſudden Eruptions they ſome- 
times make, are probably occaſioned by the 
Influx and Acceſſion of new Matter, that, in 
the Courſe of the Conflagration, gets vent in 
the Chaſm. And from a like Cauſe, as has been 
already hinted, the Earthquakes, uſual in theſe 
Places, and ſufficiently dangerous, are juſtly 
thought to proceed. 


Tux Effects of Thunder and Lightning are fo 
like thoſe of fired Gunpowder, that they be rea- 
ſonably judged to proceed from the fame, or 
nearly a like Cauſe. The principal Ingredients 
of that miſchievous Compoſition are Nztre, Sul 
phur, and Charcoal pounded together; which laſt 
being by Nature light and apt to take Fire, 1s 
added only to keep the Parts of the other 2 70 
dients at a due Diſtance, that they may be ſud- 
denly kindled, and to increaſe the Blaſt. When- 
ever then proportionable Quantities 'of _—_ 
NL 5 
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and ſulphurous Vapour chance to be admitted 
into the Air, and thoſe by any Accident there 
take Fire, their Exploſion muſt be attended with 
both the Flame and Noiſe obſerv'd in fired Gun- 
powder ; which being once enkindled, the Train 
may be well expected to run from Place to Place, 
s the Vapour leads, and with the like Effects. 
And it may be obſerved, that for this Reaſon, the 
Flaſhes of Lightning ſeem one while to dart right 
forward, at other Times to vibrate hither and thi- 
ther, according to the Courſe of the inflammable 
Matter, and as it ſucceſſively takes Fire. 


L1GKTNING is more or leſs dangerous, ac- ' 


cording as the enkindled Vapours happen to 
be more or leſs denſe. If from its Rarity it aſ- 
cends pretty high in Air, it there flaſhes with- 
out doing any great Harm: If it be denſe, and 
hangs about the Earth, it whizzes about our 
Ears, ſweeps along the Ground, deſtroys, or 
at leaſt drives away the Air wherever the Tor- 
rent comes, kills Men and Cattle, and does a 
deal of Miſchief. 


Trar kind of Lightning which makes the 
greateſt Havock, is obſerved moſt frequently to 
take Fire in the upper Regions of- the Air, 
whence it uſually comes flanting downwards 
towards the Earth, and often directs its Force, 
being perhaps thereby drawn in a manner 
to a focal Point, againſt a Tree or Tower, or 
ſome eminent Object, on which it often pro- 
duces ſurpriſing Effects, by piercing and divid- 


ing the moſt intimate Parts of hard Bodies, and 


writhing, 


— 
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writhing, rending, and contorting thoſe that are 

h in a ſtrange and very violent manner. 
Theſe more noxious Blaſts probably proceed from 
the gradual Riſe of Clouds of Matter, proper 
for Fulmination, from the Earth, in theſe ſtor- 
my Seaſons; the upper Parts of which meet- 
ing with fit Matter, either found in, or pro- 
duced by the Air, come to be firſt fermented, 
and then taking Fire, purſue the Track of the 
rifing Vapour to the very End, where perhaps a 
great Part of the Force of the whole Blaſt may 
be made to concenter, ſomething like the Rays 
of Light refracted into the focal Point of a 
Burning-glafs, with ſuch a reſiſtleſs and impetu- 
ous Force, as may diſſolve one hard Body, cal- 
cine another, perforate a third, entirely change 
the conſtitutional Parts of a fourth, by giving 
them quite another Direction, and ſo on. At 
the fame time, it has been frequently obſerved, 
that this impetuous Flame which menaces Mor- 
tals thus magiſterially, and rives and reduces to 
Atoms the hardeft Things, will often pervade 
Bodies of a looſer Texture without Harm: For 
it has ſometimes not ſinged the Purſe wherein 
it has melted the Money; and at other times 
diſſolved the Sword, without damaging the 
Scabbard. 


Ov late Experiments in purſuit of Electri- 
city, have abundantly exhibited to View, the 
Plenty of ætherial Fire, wherewith the Atmoſ- 
Phere, as a grand Magazine, is every where 
ſtored. And it may well be expected, that 


this ſubtle Matter, evidently of the Nature of 
tet; Lightning, 
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Lightning, if it does not primarily begin, yet 


will it be allowed readily to promote all Explo- 


ſions of this kind. 


WrarT we call Thunder, is produced 

by the ſudden and violent Motion of the Air 
contiguous to the Flaſh, in endeavouring im- 
mediately to thruſt itſelf into the Vacuity there- 
by made. This frequently ſhakes the whole 
nervous Syſtem of Animals, and always affeQs 
the Ear in the fame Manner as does the Explo- 
ſion of Fire-arms, or the Burſting of a Bladder, 
when the Air is drawn from under it. by the. 
Air-pump : This Experiment is mentioned, 
Page 174. Now it is impoſſible that the 
rending of a Bladder, which can tear only like 
a Piece of brown Paper, ſhould produce any 
ſuch Effect. But as the whole Body of the 
adjacent Air moves on that Occaſion, to make 
good and fill the Vacuity made, this is what 
affects the Organ of the Ear, in the manner ſpo- 
ken of: And tis thence reaſonable to conclude, 
that all the Vacuities made therein, whether 
produced by actual Flame, or otherwiſe, will 
always be attended with the like Effect. 


From the continued Length of a Clap of 
Thunder, and from its various Degrees of Loud- 
neſs, it may be concluded, that the Lightnin 
really is a Track of running Fire; which 
though it may ſeem to be inſtantaneous, and 
to fill as it were the Hemiſphere with Flame 
at the ſame Time; yet is it propagated ſucceſ- 
lively, and from different Diſtances, as will 


appear 
3 
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pear by the gradual coming on of the Cl, 
9 7 20 to the Ear, and with a lit 


ferent Degree of Force. 


How far off, or how near we are to the Dan- 
ger attending this. War of Elements, may in 
general be eſtimated by the Length of the lu 
terval between our Seeing the Flaſh, and Hear- 
ing the Clap ' of Thunder. For though they 
are inſtantaneous, and both produced in the 
ſame Moment, yet Light moving by many 
Degrees faſter than Sound, they come to our 
Senſes, . and affect our Nerves ſucceſſively. The 
Motion of Light is diſcovered; by the Eee 


of 2 N s Satellites, to move progreſſively at 


of about ten Millions of Miles in a 
. ſo that we may very well take the 
Time of our ſeeing the Flaſh, coming from a 
Cloud often within leſs than a Mile of the 
Earth, for the very Inſtant of the Exploſion: 
Whereas Sound, by good Experiments, 1s found 
to move but at about the Rate of one thouſand, 
one hundred and fifty Feet in a Second; We may 
therefore, in round Numbers, reckon that fo 
many Seconds. as paſs between the Lightning 
and Thunder, ſo many thouſand Feet at leaſt 
is the Miſchief from us. And if theſe happen 
to be conſiderably great, and immediately ſuc- 
ceed one another, they may rightly be judged 
to be very near at hand. 


CnemMIsTRY will furniſh us with ſeveral 
Subjects, peaceable and quiet in themſelves, but 


which * the Moment they are mixed, ſtart 
into 


SE e. 


ut 
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into an actual Flame. Of this fort are moſt 


of our diſtill'd Oils, thoſe from vegetables eſ- 


ally, which are full of Salts, as b 
8 in Water; and moſt of ho 60 
Liquors immediately fermenting with them, 
bew them alſo to be of the alkaline kind. If, 
for Example, we take a few Drops of Oil of 
Cloves, or Oil of Guaiacum, and pour a fmall 
Quantity of double Aqua fortis, or rather 
Glauber's compound Spirit of Nitre, on them, 
diſtilled from Sali Petre and Oil of Vitrial, a 

ſtrong Ferment, accompanied with Flame, 
and if the ſaid Spirit of Nitre be new, ſtrong, 
and very pure, an Exploſion will alſo follow. 
The Manner of which is repreſented Fig. 14. 
Plate g. To this may be added a ſmall Quantity 
of Gunpowder, to be fired on the Efferveſcence 
of the other Ingredients, for no other Purpoſe 
than merely to augment the Inflammation, 


IT muſt not be expected, however, that 
from hence we ſhould 'preciſely determine the 
particular Species of Effluvia which compoſe 
the Mixture, that floating in the Air will fer- 
ment, kindle, and flaſhing like Gunpowder, oc- 
ation thoſe Exploſions and rapid. Streams of 
Fite ordinarily” called Thunder and Lightning. 
but that there is in Lightning, very probably, 
Mixture of ſulphurous Vapour, appears in 
great meaſure from the ſulphurous Smell that 
commonly attends it. Sultry Heats, a heavy- 
loaded kind of Air, are uſually the Forerunners 
of it. And the frequent Conſternation of the 
lababitarits of the Kingdom of Naples, where 

| | Sulphur 


5 ů 


well impregnated with the aerial Salts, have 


"theſe having newly circulated thro' the Lungs 


mer, having received that Benefit but ſome 
time before, ſeems to want that Advantage 


OO —— ——— — . ˙ — _ —— — 
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Sulphur greatly abounds, on Account of Earth. WM 
quakes, and this kind of Storm, both proceed. 
ing, as has been ſaid, from nearly a like Cauſe, Ml *© 
is an Intimation that Sulphur may very reaſon- Wl 
ably be admitted as one principal Ingredient 


therein. 


Axp that Lightning has in it a nitrous Va- 
pour, or ſome other Salt of equal Virtue and 
Strength, is at leaſt probable for ſeveral Reaſons, 
One is, from the very great Advantage Rain 
and melted Snow, both which cannot but be 


over other Water in the Way of Vegetation; WM "' 
to the former of which it ſeems ſo very materul WM 
and neceſſary, that even the Weeds at the Bot- 
tom of Rivers are not obſerved to grow or ſhoot Ml 
-but in wet and ſhowery Weather. | — 


A ſecond Reaſon may be deduced from the kno 
Difference of Colour obſervable between the 8 
venal Blood, which is blackiſh, and the arterial 
Blood, which is of a florid red. The laſt of Ar 


and therein been mixed with, or at leaſt cool's 
and refreſhed by the Air inſpired, immediate) en 
becomes of a brighter Colour: Whereas the for 


Beſides, the Blood iſſuing from the Veins is ol 
ſerved to become immediately florid, if a Piece 
of Saltpetre or ſome other Salt be put into the Zen 
Baſon, and the Serum or wheyiſh Part of I itt 
grows thereupon pellucid as Water. It may a Een, 
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be farther obſerved, that however black the 
Blood may appear when the Vein is firſt open- 
ed, it ſoon grows more florid when it has flood 
little in the Air. 


Aup thirdly, Saltpetre, or Nitre itſelf, gene- 
rates Air in Plenty, as is evident by putting a 
Piece of it into a ſtrong bright Aſh-lye, which 
; uſually ſo replete with other Salts that have 
{o well filled up the Interſtices of that Fluid as to 
have diſpoſſeſſed it entirely of the Air; and 
from which alone in Yacuo therefore no Air will 
kem to riſe ; but from the Saltpetre at Bottom 
it may be obſerv d then to iſſue very faſt. 


Tur the Air can be y analized, 
twill be i ible to . of its conſtituent 
Puts with the deſired Certainty. And tho' it 
muſt be allowed that there are other Methods 


a (nownof rendering Water vegetative, and ofmak- 


ng the Blood florid, without the Help of Nitre ; 
ad tho* Dr. Hals has put the Admiſſion of 
Air into the Compoſition of almoſt every Thing 
8 well as Nitre, paſt all Doubt; yet as there is 
nothing, we are informed of, capable of ſo ſud- 
den or ſo violent a D 2 

Nitre is; therefore the Philoſophers chuſe to 
offer that as a neceſſary and a probable Ingredi- 


ent of the Phænomenon under Conſideration. 


SoME Corruſcations or Flaſhings there are, 
which in ſerene Weather ſeem to glide from the 


Lenith, or upper Region, often towards the Ho- 
mon, without * of Noiſe or Violence, 


Exploſion as 
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called flying Dragons or ſhooting Stars. Theſe 
doubtleſs proceed from much the fame Cauſe Wl * 
as the Lightning. Certain more fluggiſh Va- 
pours exhaled from the Earth by the Heat of 

the Sun to ſuch a Part of the Atmoſphere as MW 
may afford them Matter fit for Ignition, being MW " 
lighted as above at one End, and being of no 
great Breadth, the Flame runs ſteadily forward; 
juſt as a ſmall and even Train of Gunpowder 
fired in the Air would appear to do. 


THERE are other Kinds of Flaſhings ſome- 


times ſeen in the Air, ſuch is the Aurora B.. * 
realis, thoſe Glades or Gleams of Light that f * © 
have of a long time appeared Northward, and wh 
'of late have frequently been obſerved in our Ar: 
own and ſtill more ſouthern Climates in ſerene 7 
Weather. Theſe ſeem to bear ſome Affinity to | 
the Lights juſt mentioned, and are probably Te 

produced from ſomething of a like Cauſe. he 


Wr know from Experiment that there as 
ſome Steams, ſuch as inflammable ſulphurous 
ones, which are capable of ſo great a Degree Mit, 
of Expanſion, that they become + ſpecificall | 
lighter than the Air they float in, even tho! ret 
dered as rape as well it can be by Art (which, a 
was before obſerved, Page 156, is within ond 
ſixtieth Part of Perfection) For they will ri 
to the Top of an exhauſted Receiver, au 
there adhere : Thoſe of Gunpowder fired in Vo 
cus in particular will do this, and ſo will all fud 
whoſe Particles have fo great a natural Repelicn 
e in them, as to produce this Effect. And s "ih, 


\ 
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the urinous Vapour, by the Phoſphorus emit- 
ted, and mentioned, Page 272, is viſibly done. 


STEAM s or Exhalations therefore of this kind 
ling from the Earth out of Mines, Volcano's, &c. 
muſt neceſſarily be buoy'd up towards the Top 
of the Atmoſphere (and that they are fo, ap- 
pears from their being viſible in many Coun- 
tries at the ſame Time: As was that famous one 
in March 1716, ſeen from the Weſt of England 
to the Eaſt of Poland, over thirty Degrees of 
Longitude, and perhaps a great way farther) 
r that riſe at leaſt till they come into a Region 
ere the Air is expanded as much as by the 

Ar-pump can be done. | 


TaxxtsEt Effluvia, according to the ingenious 
Mr. RowNIiNG, in his late Treatiſe on theſe 
ubjects, being thus generally raiſed to the Top of 
he Atmoſphere, or neaf it, and floating there, 
ill, as he ſuppoſes, be neceſſarily carried towards 
e polar Parts of the Earth. Firſt, becauſe 
e ſuperior Current of the Air to a great 

Viſtance from the Equator, is, from the gene- 

I Rarefaction by the Sun's Heat there made, 
Wonſtantly preſumed to be that Way. And, Se- 
 Wondly, becauſe from Experience we know, that 
batever ſwims upon a Fluid which revolves 
pon an Axis, as the Atmoſphere does, is by 
Rotation carried toward that Axis. This 
bably may be the Caſe of theſe Effluvia, and 
refore their Appearance is generally made near 
polar Parts of the Earth; when, being there 
Wikted, of an inflammable Nature in them- 
es, and meeting with other heterogeneous 
| ""'V-2 Particles 
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Particles in thoſe Regions, proper to produce 
ſuch an Effect, they appear to emit Streams of 
Light, become ſucceſſively conſpicuous, ſeem to 
glimmer as they riſe, and being very thin, are 
ſoon conſumed and diſappear, without making 
the leaſt Noiſe, or doing any Miſchief whatever, 


| 

As to the Objection commonly made to this 
and the like Hypotheſes; Where were theſe ſup- WF | 
poſed Effluvia when the Lumen Boreale was ſcarce , 
ever, or according to Hiſtory very rarely ſeen ? p 
It may be anſwered ; Firſt, that the Vapours : 
of which Clouds are formed, never rife ſo high W 
as the Region in which the Matter of this i « 
Light is from late Obſervations known to float: W „ 
It is therefore not inconſiſtent with the The- WF 4 
ory, if it be often intercepted from our Sight | 
by the In tion of Clouds below. Sccond- 


ly, that the Riſe of the Emanations ſpoken of, MW yy 
is purely accidental, and may iT e on ſeve-MF 5. 
ral concurrent Circumſtances. may reaſon-· ;,, 
ably be preſumed, for Inſtance, that the Arn, .; 
or Earth, or both, may be ſometimes, tho che 
but ſeldom, and perhaps with very great I Fl 


tervals, diſpoſed to produce this Phænomenon 
juſt as ſome Seaſons and ſome Years are found] |, 
to be incommoded with Thunder and Light 
ning; whereas in others little or nothing ol 1 


that Sort appears. Hea 

As to the Tyres fatui, the Wil- - Wai d. 
and ſuch Appearances as are ſeen by Neige pla 
near the Earth, about Pools and watery Place acqu 
they are of the fare Ch{Fand Tribe: But bei Gun 


—4 more heavy kind of Vapour, and * 
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hangs about thoſe Places, they burn more ſlow- 
ly, and like a lambent Flame, having wavered 
a while to and fro, they commonly die much 
about the Place where they had their Birth. 


FLAME is a moſt elaſtic Fluid, and 'tis ge- 
nerated by the vigorous Activity of the mi- 
puter Parts of Matter one upon another. Thus 
Flame may be produced by the violent Rub- 
bing of two Boards together ; nor is Flame 
any other than an enkindled Smoke : For Bo- 
dies do not flame without emitting a copious 
Fume ; and the Parts neareſt the fuming Bo- 
dy, or the hotteſt, ate what form the Flame. 
smoke paſſing thro' Flame, cannot but grow 
red-hot ; and red-hot Smoke can have no other 
Appearance but that of Flame, 


ALL inflammable Bodies, as Oil, Tallow, 
Wax, Wood, Pit-coal, Pitch, Sulphur, Gums, 
and the like, by flaming, waſte and vaniſh in- 
to burning Smoke. If the Flame be extinguiſh- 
ed, they ſmell very ſtrongly, and the Smoke is 
then very thick and viſi - Whereas by the 
Flame more of the combuſtible, unctuous Parts 
are conſumed and loſt, and then the Smoke is 
not ſo copious, nor the Smell ſo ſtrong. 


Is diſtilling hot and ardent Liquors, if the 
Head of the Still be removed, the Vapour 
will all take Fire at the Flame of a Candle; 
the Fume will in that Caſe be all turned into 
Flame, and from the Suddenneſs of it *twill 
acquire a miſchievous Force, like that of fired 
Gunpowder; the Spring whereof we experimen- 

U 3 tally 
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tally ſee is able to overcome the Tenacity and Co- 
heſion of any Bodies: 'Twill lift and rend even 
Rocks and Baſtions, provided it be thoroughly 
confin'd, and the Abutments good. This is the 
Caſe of Mines that are ſprung with any Succeſs, 
and of the Bullets and Bombs projected from the 
Chambers of Ordnance and the Barrels of Fire- 
arms: If any of theſe get Vent, and an over-large 
Touch-hole will give it, the Projectile certainly 
miſcarries. 


Now there is no Flame to be raiſed from any 
Subſtances, beſides that of Gun-powder, that 
will bear to, be compreſs'd without being ex- 
tinguiſhed ; but the Intenſity of this is ſuch, 
that being once raiſed, it cannot be put out. 
In all Exploſions made thereby, it muſt be al- 
lowed, that a few Corns of it can only take 
Fire at firſt; and that the Flame ſpreads and 
increaſes, till the Spring thereof becomes not only 
an Equilibrium to, but alſo often greatly over- 
3 and ſurprizingly projects the Weight to 

removed. Hence a Quantity of Powder, 
confin'd in the Barrel of a Piece, will lift an 
infinitely greater Weight than will a like Quan- 
tity fired beneath it in the open Air; and for the 
ſame Reaſon, a Charge of Powder, with a Wad 
upon it, will do greater Execution than an 
equal Quantity thrown looſely into the Piece, 
and ſo fired. | 


Tur all the Powder is ſeldom burnt be- 
fore the Exploſion made, and therefore the Spring 
of an ordinary Charge of Powder is never 


brought to the higheſt Pitch it might be, ap- 
pears 


AMP SE 7IDELS 


NaTURAL and ARTIFICIAL. 295 


from the Trail of Powder obſerved com- 


monly to lie ſcattered on the Snow near the 
Muzzle of the Piece in Fowling : And if a 
Charge of Powder be fired pretty near againſt 
Mark ſmeared over with Wax or Tallow, tis 
odds but many Grains of unburnt Powder will 
be found ſticking thereon. 


Tre rifled-barrel'd Piſtol therefore, that is, 
ſuch as by the Narrowneſs of its Bore keeps 
the Powder longer confined before the Explofion 
of the Ball, is found to do greater Exccution 
than one of equal Dimenſions without ſuch an 
Advantage. And in general it may be obſerved, 
that thoſe Fuſils which have their Touch-holes 
o diſpoſed, as moſt readily to communicate the 
Flame to the greateſt Part of the Charge, and 
bo light it more equally before the going off of 
the Piece, will always kill at fartheſt Diſtance. 
And for the fame Reaſon it is, that the longeſt 
Guns with equal Charges of Powder, are alſo 
generally found to have this Effect. | 


GunPowDER fired in Vacuo, and when 
the Reſiſtance of the Air is removed, makes 
0 Exploſion: at all; but goes off Corn 
Corn, as if they were ſingly lighted. This 
Experiment is repreſented Plate g. Fig. 10. A 
ga Receiver, with the Reſervatory for Gun- 


powder at _ B is a red-hot Iron put in 


before Exhauſtion at Bottom. If when it 
s exhauſted, a ſmall Quantity of Powder be 
et down from A by a Contrivance - paſſing 
thro* a Collar of Leathers, which will allow 
af the fliding of a Wire without admitting 

| 4 3 
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any Air, the forementioned Experiment may 
eaſily be made. But if it be ſeveral times re- 
peated, the Exhauſtion ought to be continued 
to prevent Miſchief ; becauſe the firing of the 
Powder generates Air, as may be obſerved from 
the ſinking of the Mercury during the Ope- 
ration in the Gage-tube. 


On the Riſe of Varours, their For. 
mation into a CLoup, and their Re- 
ſolution into Rain, &c. 


T cannot be denied, but that the Air is at 

all times more or leſs full of humid Par- 
ticles, as appears by their falling in an exhauſt- 
ing Receiver, producing the Halo, and the other 
Experiments of the fame Sort mentioned Page 
239, and the following. It is no leſs certain, 
that more Moiſture will be taken up and im- 
bibed by Air in Motion, than Air at Reſt; as 
is evident from the Drying of Linen and other 
things that are wet, much ſooner when there 
is a Gale of Wind, than in calm Weather. 
Befides, Dr. HaLLey's Experiments related in 
the Philoſophical Tranſactions, put this Matter 
paſt all Doubt, | 


Tuis Gentleman, in order to account fot 
the Circulation of Vapours, cauſed an Expe- 
riment to be accurately made by the Operator 
to the Royal Society at Greſham Calloge, where- 
by the Quantity of Water raiſed and carried 
off in Vapour from the Surface of ſtagnant 
Water, in a Place as free from Sun and Wind 

as 
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as might be, was determined to be exactly 
ight Inches deep or perpendicular in a Year. 
This fell very much ſhort of the Quantity of 
Rain 'found by the French Academicks to fall 
in a Year at Paris, viz. full nineteen Inches per- 
pendicular : And ſhorter ſtill of the Obſervations 
of Mr. TowNLEY ; who, at the Foot of the 
Lancaſhire Hills, lying in the Neighbourhood 
of the Ir:/þ Sea, found there fell in a Year above 

Inches of Water perpendicular. So re- 
markable a Difference makes it evident, that 
the Sun and Winds are the principal Cauſes 
of the Evaporation of Fluids ; the one to raiſe 
the Vapour, and the other to carry it off and 
diſperſe it. 


Tux Doctor, in the fame Courſe of Ob- 
ſervations, takes Notice of the Vapour, ſeem» 
ing at ſometimes to adhere or hang about the 
dul face of the Fluids whence they riſe, cloath- 
ing them as it were with a Fleece of vapouriſh 
Air; at which Times the Evaporation appeared 
to be very little, by the ſmall Quantity of Water 
then loſt in twenty-four Hours: And as this 
was obſerved to happen commonly when there 
was very little Wind ſtirring, had theſe Ex- 
periments been made in a Place fully expoſed 
to Wind and Sun, the Expence of rifing Va- 
pour would have been found to compenſate 
at leaſt the ordinary Return of Rain for a 
Supply, as later Experiments have ſufficiently 
erinced : 


Any here it may be obſerved, that in till 
Weather, when this Fleece of vapouriſh Air 
happens 
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happens to be lodged in greater Quantities near 
the Surface of the Water, both it and all Ob- f 
jects thereon ſeem to be conſiderably raiſed, 
and even to lie in a Level above the Land, 
This can proceed only from the Refraction or D 
Bending of the Rays of Light, coming out of 
a Medium of one Degree of Denſity into one of y 
another ; as may be exemplity'd at any time by G 
pouring a Quantity of fair Water into a Baſon, U 
which will then ſhew a Piece of Money, lying 
at the Bottom, to an Obſerver, from whom 
it was before ſcreened by the Brims of the 
Veſſel: By this Experiment it will, to Ap- 
rance, be raiſed about one third of the 
ater's Depth. 


Axp for a like Reaſon it is apprehended 
that the Cattle grazing on the e of Dogs, are 
ſometimes to be ſeen from Greenwich at the 
Time of High-water, and not - when- the 
Water is low. This ſome have endeavoured 
to account for, by ſuppofing the e of Dog. 
to be raiſed by the Tide. But tis far more 
reaſonable to conjecture, that in ſtill Weather, 
when this Appearance is moſt remarkable, 
that the Vapours ifſuing from the Surface of 
the River.are raiſed along with it in the Tides, 
and fo exhibit an Appearance; which, were 
they immediately removed by the Winds, would 
not happen. 


In till and ſultry Weather, when the Sun- 
beams ſeem to act with a great, a general, and 
an equal Force, on both the Land and Water, 
the Riſe of Vapours is then obſerved to be _ 
rechte | x 
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dull and languid. When they gleam as it were 
from behind, or thro' a Cloud, and there is 
ſomething of a Motion in the Air, or a Wind 
abroad, they riſe in greater Plenty. And in very 
hot Climates, as Dr. HALLey informs us, they 
mount in ſuch Abundance, that in &. Helena, 
lying in Latitude fixteen Degrees South, his 
Glaſſes for Obſervation were very often and 
very ſoon covered with Water. And even in hot 
Weather in our own Climate, the Dews, which 
e no other than Vapour condenſed, are found 
ſufficiently copious, Morning and Evening, i in 
that Seaſon of the Year when the Sun is not 
far above the Horizon, the riſing of Miſts 
from Rivers, Pools and moiſt Places is fre- 
quently very viſible, and is generally the OE 
runner of a ſultry Day. As the Sun gains 
greater Height, the e Riſe of 4 Va- 
pour is indeed not ſo apparent; but as the Cauſe 
of their Riſe, viz. the Heat, increaſes, there 
6 no Room to ſuſpect, but that the Effect is 
ill proportionable to it. 


IT has been Matter of Diſpute among Na- 
wraliſts, how the Waters which form the 
o Clouds, and which deſcending, often deluge 

ver vaſt Tracks of Land, come to be exhaled 
rom the Earth and ſuſpended in a Fluid fo 
F uch lighter than Water, as is the Air. Some 
dare imagined, that the Particles of Fire, ſe- 
rated from the Sun- beams, adhering to choſe 
Water, make together little Maſſes of Mat- 
; lighter than Air, and which therefore riſe 
erein till they come to ſuch a Part of the 
moſphere as is ſpecifically, or Bulk for Bulk 


of 
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of the ſame Weight with themſelves ; there - 
forming a thin Cloud. And they ſuppoſe that WW | 
Rain is produced by the Separation of thoſe 
Particles of Fire, on Occaſions, from them; 
whereupon they coaleſce, and then deſcend ac- 
cording to their own Gravity, in Drops of Rain 
or Dews. 


Tuis Hypotheſis, as Dr. DzsAGur 1285 
juſtly obſerves in the Philoſophical Tranſaction, 
is not without Objections. As Firſt, Fire has 
never yet been proved to be a diſtinct Ele- 
ment, or a particular Subſtance; and the 
Change of Weight of Bodies in chemical Pre- 

rations heretofore preſumed to riſe from the 
Adheſion of Particles of Fire, is proved by 
Dr. HALzs, in his Vegetable Statichs, to pro- 
ceed from the Adheſion of Particles of Air, 
which he has there ſhewed to be abſorb' d by 
ſome Bodies in good Quantities, while it hs 
been generated as faſt by others; and that i 
may even be abſorb'd and generated ſucceffively 
by the ſame Body under different Circum- 
ſtances. - Secondly, Should the above-men- 
tioned Suppoſition be allowed, the fiery Par 
ticles joined with the watery muſt be of foms 
conſiderable Bigneſs, and a - Perſon patiing 
thro* a Cloud, in aſcending a Hill, muſt be 
ſenfible of an extraordinary ee of Warmt) 
Which does not happen; for the Vapour ! 
there found to be really colder than Rain itſe 
falling at the Foot of the Hill. Beſides, tþ 
Manner in which theſe Particles of Fire mig 
be ſeparated from thoſe of the Water, is to 
conceived from no Phenomena yet e 


13 EZ 2 5 e 


ning this Matter is, that by the Action of the 
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This Theory therefore ſeems to be without 
Foundation. 


Tux ſecond Opinion concerning the Riſe 
and Suſpenſion of Vapours is, that tho' Water 
be ſpecifically many times heavier than Air, 
yet if the Surface of it be increaſed by greatly 
diminiſhing the Bulk of its Particles, it cannot 
aſily fall; fince the Weight of each Particle 
s known to duniniſh in Proportion to the Cube 
of its Diameter : whereas the Surface to which 
the Air refiſts, decreaſes only as its Square: 
And this is ſufficiently evident from the floating 
of Duſt, Motes, and other light Bodies, for a 
Time therein, according as they are more or 
leſs minute. | 


Tuts, however, will not explain the Matter 
before us to Satisfaction; becauſe, tho' the In- 
creaſe of Surface, the Weight continuing the 
ame, may in great meaſure hinder or retard 
the Deſcent of very ſmall Bodies in the Air, 
on account of its Refiftance to a Surface, ſo 
much in Proportion larger than their Bulk, as 
torefaid, it will for the ſame Reaſon alſo im- 
pede their Aſcent therein. And 'tis known that 
the riſing of Duſt, &c. in the Air, is owing al- 
ways to ſome outward Force or Motion apply'd ; 
whereas Vapours continue to riſe as well in calm 
4s Wi Weather, tho' not in an equal Degree; 
neither do they always fall to the Ground, or 
ſubſide therein, when the Wind iceafes. 


Tux third and moſt received Opinion con- 


Sun 


* 
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Sun on the Surface of the Water, the aqueous 
Particles become formed into Spherules or 
Bubbles, filled with an Aura, a much finer 
Air, or one highly rarefied, which thus becom- 
ing ſpecifically lighter than common Air, muſt 


therefore riſe therein by hydroſtatick Laws, till 


ſuch time as they meet with fuch an Air as is 
Bulk for Bulk of their own Weight. 


Txr1s ſeems indeed to be the more probable 
Suppoſition of the three; but to ſupport it, the 
following Queries muſt be anſwered. How 
comes the Aura or ſubtle Air within the Bubbles 
to be at all ſpecifically lighter than that with- 
out- them ; fince the Sun's Rays muſt be 
admitted to heat the one equally with the 
other, and to beat with equal Strength on 
every Part of the Surface? Was it poſſible, 
that a rarer could be thus ſeparated from the 
ambient Fluid, what ſhould hinder the cold 
Air, which they needs muſt meet with in 
their Aſcent, from reducing theſe Bubbles by 
contracting their Contents; juſt as Bubbles of 
ſoaped Water commonly are, notwithſtanding 
their Tenacity is much greater than that of 
common Water, when blown up by warm Air 
from the Lungs? And again, Was it reaſon- 
able to admit the reſt of the Suppoſition, a 
conſiderable Difficulty will yet remain, vis. 
if Clouds were thus conſtituted of Shells of 


Water filled with Air, in its own Nature elaſtic, 


why ſhould they not always expand, . when 


the circumjacent Air is rarefied ; and why not 


be condenſed; when the Weight of the At- 


moſphere 


— 
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moſphere is occaſionally increaſed ? This muſt 
be the natural Conſequence of this Hypotheſis, 
ind the Clouds will fink and rife in the At- 
moſphere on every Alteration of Weight therein, 
without affording us any Rain at all. 


Tur Doctor then plauſibly propoſes another, 
whereby he endeavours to account- for the 
Riſe and Suſpenſion of the Vapours in the At- 
moſphere, from - the Elaſticity and Repellency 
obſerved in the Steam of boiling Liquors, 
capable of extruding either Air or Water from 
any Veſſel ; and ſuppoſes the Repellency of 
the Particles of Vapour to be always in Pro- 
portion to their Degree of Heat. Hence he 
calculates the Force of the Vapours raiſed, 
taking, with Sir IsAAc NEwToN, the Heat 
of boiling Water at 34, (when the Thermo- 
meter will ſhew our Heat in the Summer to 
be 5, in Winter.2, and in Spring and Autumn 
3 of thoſe Parts) and computes the Height to 
which they accordingly muſt riſe, comparing 
their Elaſticity with that of the Air, on which 
Heat has a much leſs Effect; ſince that Degree 
of Heat which will expand Water fourteen 
thouſand times in boiling, will rarefy Air only 


two thirds. He next conſiders the Effects the 


Cold found near and above the Earth muſt have 
in condenſing thoſe Vapours, and forming the 
Clouds; and thinks that the Diſtance they are 
obſerved ;to float at from the Earth, in the 
farious Seaſons of the Year, correſponds with 


this Theory. | 


Bur 


304 The Motion of Fuups, 


Bur neither does this ſeem to be abſolutely 
free from Objections. For in Diſtillations, the 
Liquor boiling in the Still, over a briſk Fire, 
raiſes a great Quantity of Steam into the Head, 
which endeavours to make its Way immediately 
down the ſpiral Pipe or Worm, uſually ſet in a 
Tub of Water, which, cold whe the 
Still begins to work, condenſes the riſing Va- 
pour very faſt. As the Watir wer the Worm i 
comes to be heated by the continued riſing of W g 
the burning Steam, it condenſes it indeed ſome- 
thing flower ; but yet when this Water is be- 
come fo hot, that a Man can ſcarce bear hi be 
Hand in it, it will nevertheleſs continue to con- 
denſe them into a groſſer Fluid apace. 


Now as the Mitigation of the Heat of Vs 
pour, and the lowering it from that of boiling 

ater is generally attended with this Eftcd, 
and as very little Vapour is raifed in the Still 
before the Liquor actually boils; it may be 
preſumed, that the Repellency of the Par 
ticles of Steam, under the Degree of a boiling 
Heat, can be but inconſiderable in promoting 
the Riſe of Vapaurs to any great Height u p. 
the Atmoſphere, or of — . — the Thing 5 0 
Propo ſed. at py 


Bes1Dss, Steam of any Heat whatever, 1 that 1 
be not ſome how confined, and exught as it were mid ] 
by ſome Object near at hand, but being 1 vbicl 
into the Air looſe, like that rifing from a ſeeth- neceſ] 


ing Pot or flaking Lime, as far alias” at 
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it, that is, ſo long as it continues viſible, does 
not by its Motion ſhew any great Diſpoſition 
or Tendency towards riſing ſteadily, briſkly or 
the ſhorteſt Way, into ſuch Part of the Atmoſ- 
phere as may be of equal Gravity therewith : 
But it rather ſeems vaguely to fly hither and 
thither, till it can be abſorb'd and received by 
the Air, thereby warm'd in the fame Manner 
25 the Breath from the Lungs and other hu- 
mid Vapours are, as mentioned Page 240, of 
this Treatiſe. 


BP ORE TS „ A 


Ir might be alſo ſuſpected, that the Repel- 
kncy which ſhould give the Particles of Wa- 
ter their firſt Riſe into the denſer and circum- 
ambient Air, would increaſe in Air more rare, 

n their Aſcent, and defeat, and by their un- 


due Separation prevent their being ever conden- | 
an Rain. Beſides, as the Preffure of the | 
11 denſer Air near the Earth is not able to reduce 4 


them into ſo cloſe a Contact as to form Drops | 
of Water there, it is not likely that in a rarer | 
Medium this ſhould be done with more 1 
ducceſs. 1 


Fox Want therefore of a more perfect Theo- 
of this Part of our Meteorology, we - muſt | 
at _—_ in good meaſure, content ourſelves | 
with obſerved Facts. And it being evident, 
that rare and warm Air, together with what hu- 

mid Particles it ſhall at any time imbibe (and 
which from the conſtant Heat of the Sun muſt 
eceſlarily conſtantly be done, and that in very 
Fat Plenty) will emerge and ſwim in Air 

X that's 
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that's denſe and cold, to ſuch Part of the Atmo- 
ſphere as is of equal ſpecifick Gravity therewith: 
And that whenever, for want of the ſu perin- 
cumbent Preſſure, a Part of its Denſity ſhall 
be loſt, it will let the watery Particles fall, 
and they being collected and aſſembled in 

ood Quantity, will at length perhaps form a 
— Cloud, and become viſible, merely by 
the Reflexion of the Rays of Light, which, 
falling by various Angles thereon, exhibits va- 
rious Colourings, and a Multiplicity of Forms, 
to the Eye of an Obſerver : Or if its Denſity 
ſhall continue to be ſtill more diminiſh'd, it may 
be again reſolved into its original Water, and 


become an immediate Shower of Rain. 


Tur Sun ſhining with equal Strength on 
the Surface both of the Land and Water, will 
doubtleſs affect them differently: Becauſe a great 
Part of his Rays are reflected from the ſolid 
Earth by the fame Angle in which they fall 
thereon, whereby the Air will always be more 
rarefied over this, than over the Water, which 
abſorbs moſt of them, and reflects but few: 
Of conſequence then the light Air will mount, 
and continue to riſe over the Land, and the 
denſe and vaporous Air from Sea will croud 
after it, to make good the Deficiency ; as in 
the Caſe of the Land and Sea-breezes, was 
before explained, Page 256 ; and hence abun- 
dant Matter will probably there be collected 


towards the Formation of a Cloud. 


1 
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Ir then the Seaſon be inclined to wet, and 
eſpecially if there be an Eminence upon. the 
Iland (round which the Air will always be 
colder, and therefore denſer than over the 
Campaign, the Sun-beams being thereby diſſi- 
rated in a great Variety of Reflexions) the 
thinner Air charged with Vapour, as before, 
will ſtream thither from every Quarter, and 
mounting its Sides, like Smoke up a Chimney, 
will ſoon envelope, and hood over its Top with 
Cloud: And ſhould this Diſpoſition of the Air 
tb Wet continue, the Vapour will continue 
ning in this Manner, and condenſing ſo faſt, 
s till it becomes a heavy Rain in all the Parts 


adjacent, 


Ax Appearance of this Sort on the Top of 
Hills, the Pike of Tenerife particularly, is not 
uncommon. The Mariners alſo often obſerve a 
rery ſmall Cloud at firſt, which they therefore 
all the BulPs-Eye, gathering over a ſmall Iſland 
n the Ocean, which frequently increaſes ſo 
aſt, by the Acceſſion of light and humid Air 
tom the Water, that it fills the whole Hemiſ- 
phere very ſoon with Rain, frequently attended 
mth a Tornado of Wind, Lightning and 
Thunder ; and the Storm is doubtleſs more or 
& violent, according as Quantities of Matter 
happen thereabouts to be amaſſed for the Pro- 
Wition of each ſort, as aforeſaid, | 


Anp here it may be remarked," that in 
tors of this kind, the Wind is obſerved to mm 
X 2 
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all round from the Place where it rages moſt; 
which is a plain Intimation, that theſe extraordi. 

Commotions in the Air are really produce 
by the Exploſions of Matter meeting therein, 
and diſagreeing in the Manner heretofore pro- 
poſed, Page 264, whereby a different Directic 
is given to the Body of Air adjacent, being 
driven thence all round, as from a Centre. 


An Experiment to prove our Hypotheſis fo 
the general Formation of Clouds over Ifland 
Promontories, Capes and the Sea-coaſts prob 
ble, may be thus made, Take a large Diſh 
fill it with cold Water; into the middle 0 
this put a Water-plate filled with Watt 
warmed. The firſt will repreſent the Oce: 
drinking in the Sun-beams falling thereon, thWire; 
laſt an Iſland reflecting them, and fo heating lane 
the Air above it more. Blow out a Wax-candle 
and if the Place be ſtill, on applying it ſucceſi nere 
fively to every Side of the Diſh, the fuliginoy 
Particles of the Smoke being viſible and ve 
light, will be ſeen to make toward the Plate 
and riſing over it, will point out the Courk 
of the vaporous Air from Sea to Land. Again 
if the ambient Water be warmed, and t 
Plate filled with Water cold, let the ſmoking 
Wick of the Candle be held over the Cente 
of the Plate, the contrary will happen; ant 
a Demonſtration thereby be alſo given of ti 
Cauſe and Conſequences both of the Land an 
Sea-breezes before-mentioned. 


1 
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Was the Globe of the Earth one plain 
watery Surface, and had the Sun, as now, his 
parent diurnal Motion round it, a certain 
Quantity of Vapours would then be daily 
aiſed and retained by the Atmoſphere. Theſe 
Vapours, when the Air came to be condenſed 
m Nights, would, tis probable, as conſtantly 
ſubſide and fink in Dews; as Salts will often 
precipitate to the Bottom of Liquors over- 
charged therewith, when they come to cool : 
Nor in this Cafe could any Diverſity of Wea- 
er be expected, other than periodically, and 
Aeery Year alike. 


BuT let this general Ocean be ſuppoſed 
Wuaterſperſed as it is with ſpacious Tracks of 
Land confiſting of various Soils, and various in 
om, whence Emanations may alfo riſe, not 

merely of the watery kind, which by their Di- 
erfity, as before explain'd in Caſe of the Winds, 
uy occaſion Variety of Weather: This Land, 
different Altitudes, and in particular Places, 
bb'd with high Mountains, ſuch as the Fy- 
mean, the Alps, the Apennine, and Carpathian 
"ils in Europe; Taurus, Cautaſus, Imaus, 
Und others of Note in Aa; Atlas, and the 
Mntains of the Moon, with other Ridges in 
Mia, and the lefs known Parts of Africa; 
d in America, the Andes and Apalatean 
ountains z all far ſurpaſſing the uſual Height 
which the - watery Vapours aſcend, will 
aſe a confiderable Difference: For theſe by 
er Eminence and Situation, either collect 
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humid Particles from the adjacent Seas and 


Plains, as explained, Page 307, or Intercept | 


them, being tranſported thither by the Winds, 
where mounting up the Sides of the Mountains 
with the Stream of Air, are there frequently 
daſhed together, or ſo condenſed, that eoming 
within the Reach of each other's Attraction, 
they run together, and forming larger Drops 
ſpecifically heavier than the ambient Air, im- 
mediately fall in Rains and Dews ; or elſe ſet- 
tling all round the Eminence, gutter and gleet 
down the Surface of the Stone, and uniting, 
often form a Rill; and ſeveral of which col- 
lected in a common Channel, make a Brook; 
Variety of theſe a Stream; and an Aſſemblage 
of Waters from a Diverſity of theſe, after drain- 
ing perhaps a vaſt Extent of Land, may be- 
come a River, like the Rhine, the Rhone, the 
Thames or Danube. 


In order to eſtimate the Quantity of Water 
raiſed in Vapour from the Sea, and to com- 
pare it with the Returns made thither by the 
Rivers which conduct it back, Dr. HALLEV 
has curiouſly conſidered the Mediterranean Sea, 
into which nine very conſiderable Rivers, us. 
the Ebro, the Rhone, the Tyber, the Po, the 
Danube, the Neifter, the Boriſthenes, the J- 
nais, and the Nile, are continually emptying 
themſelves, beſides the Supply always coming 
into this Sea from the main Ocean, thro! the 
Streights of Gibraltar, without raifing the 
Waters therein one Jot, 


He 
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He judges the Extent of the Mediterranean 
to be about one hundred and ſixty ſquare De- 
grees, forty long and four broad, and thinks that 
each of the above-mentioned Rivers affording 
about ten times the Water diſcharged by the 
Thames in a Day, may be adequate to that brought 
in by the ten large Inlets of Water before-named, 
that is, eighteen hundred twenty-ſeven Millions 
of Tuns per Diem. And from a nice Experi- 
ment he made on ſome Water ſalted to the ſame 

ree with that of Sea-water, which he eva- 
porated with Care over a gentle Fire, whereby 
he brought the Heat thereof up to that gene- 
rally found in the Mediterranean, of which he 
was able to judge by help of a Thermometer, 
he calculates, that in — Weather there 
muſt be at leaſt five Thouſand two hundred and 
fourſcore Millions of Tuns exhaled thence in a 
Day; and in windy and troubled Weather much 
more. Some Part of this is allowed often to ſink 
therein again in Rains and Dews; but far the 
greater Part is either tranſported by the Winds, 
or is inclined to draw toward the adjacent Lands, 
as has been ſaid, to water the Productions of the 
Earth; all which may without Difficulty be 
traced back to their original Water, Of this a 
good Part indeed remains ſtill in a fluid State, 
and is therefore capable of being again circu- 
lated on Occafions for the Purpoſes beforeſaiĩd; 
but a no inconſiderable Part has been thought 
by modern Philoſophers of principal Note, to 
become fixed, and abſolutely Joſe its Fluidity, 
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WHAT gave Birth to this Opinion was this: 
A Quantity of Earth was ſifted, put into an 
Oven, well dried, and then weighed. This 
has been afterwards put carefully into a Tub, 
and a Plant weighing perhaps four Ounces, has 
been ſet in it, which being well watered, has 
in due Time grown up to a Tree weighing 
perhaps an Hundred Pounds. This being taken 
out of the Mould, the Mould has been again 
dried and weighed, as at firſt, and the 
Weight thereof found not in the leaſt dimi- 
niſhed. Now as the ſame muſt conſtantly ha 
pen to every Thing produced by the Earth, 
Foſſils as well as Vegetables, the Solids have 
been thence judged hourly to increaſe upon us, 
the Fluids to decreaſe, and the Sea-water con- 
ſequently to grow more and more diſtaſteful and 
bitter. So that in a great Length of Time, the 
Earth is apprehended to be in Danger finally of 
loſing all her Fluid, and of becoming a ſapleſs 
Maſs, ſuch as in all Probability is the Moon: 
Since no viſible Alteration or Change has ever 
appeared on her Face view'd from the Earth, 
whereby ſhe might ſeem. in any Part more 
clonded, as to the lunar Inhabitants, if __ 
there be, muſt frequently have happened wi 
reſpect to the Earth; on which it — frequent- 


ly rained in different Places for a long Time 
together. 


Tuo' the Inſtance laſt mentioned be true 
in Fact; yet it muſt be admitted, that far the 
greater Part of whatever Bodies are thus pro- 
duced by the Fixation of our Fluids, does 


again 
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gain reſume a fluid State in caſe of a Diſſo- 
lution, to which they are ſooner or later all 
ſubject; and in ſo doing their humid Particles 
muſt again mingle with the Air, and circulate 
25 before. The Aſhes, for Example, when 
our before-mentioned Tree comes to be burnt, 
or the remaining Duſt, when its Parts come 
to be diſunited and diſſolv'd by Time, are but 
inſignificant in point of Quantity: Whereas the 
fluid, and by far the more conſiderable Part, 
iſe again into the Atmoſphere; in the former 
Caſe, in the Form of humid Smoke; and in the 
latter, with other Vapours exhal'd from the 
Earth, \ 


s, Bes1DEs, that elementary Water may be 
n- WW changed from a ſolid to a fixed State, is not fo 
nd Wl eaſily proved as ſome have thought. It is cer- 
he WI tain, that common nutritive Water is a v 

of Wl heterogeneous Subſtance, having in it Air, Salt, 
els Oil and Earth. In Proportion as Water is 
n freed of theſe Ingredients, by Diſtillation or 
ver Wl otherwiſe, we learn from Dr. WooopwaARrD's 
th, W Obſervations, that it becomes leſs fit for the 
* Nutrition of Plants: And we find from the ſame 
"th 
nt- 
ume 


Obſervations, as well as from thoſe of Doctor 
HALEs, what a vaſt Quantity of Water Plants 
require for their Increaſe and Well-being. How 
then can we be certain, that the earthy 
and other fix'd Parts of Ve les, are not 
compoſed 'of ſome of the fixed and earthy 
Parts of the nutritive Water ; the reſt of thoſe 
Parts flying off along with the true watery 

nt, in the Courſe of their very copious 
does Ferſpiration? So that a Plant may eafily ac- 


4 quire 


37s 


gan 
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quire a great deal of fixed and ſolid Matter, 
without any ſenſible Diminution of the Earth 
it ſtands in, Or at leaſt what Part of that 
Earth or other ſolid Principles may be carried 
up into, and conſolidated with it, may be again 
ſupplied by new Earth, depofited from the 
Water wherewith it is moiſten'd from time to 
time. If this then be the+Caſe, as it ſeems 
very likely to be, we need be under no great 
Apprehenſion of our Earth's loſing all her Flu- 
ids, and ſo of becoming unfit for the Habita- 
tion of Men and other Animals. Nor ſhall 
we need the Aſſiſtance of Comets and their 
Effluvia, to renew from time to time this daily 
Waſte of fluid Matter, which Sir Is aac New- 
rox thinks neceſſary in his Principia. But 
whether the Motion of the Earth, and other 
Planets, might not be conſiderably altered by 
ſuch copious and frequent Acceſſions of foreign 
Matter, might ſeem, among other things, to 
be a Point worthy Conſideration. 


On the OR IOGIN and SouROE of 
| SPRINGS, 


T has been already hinted, that the Hill 
are of fingular Service to Mankind in col- 
ecting the Particles which thence deſcend into 
the lower Lands, and water the Earth, There 
are in the World numberleſs Inſtances of this 
kind. Mercator ſays, that toward the middle 
of the Iſland of Sf, Thomas, there is a Moun- 
tain well ſtor d with Wood, which in = 
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hot Climate is always cover'd with thick Clouds, 
even when the Sun is in the Meridian; whence 
proceed gentle Streams, ſufficient to water all 
the Sugars in the Plantations. It may there- 
ſore reaſonably be preſumed, that thoſe hu- 
mid Particles which in theſe Places do neither 
fall in Rains, or trickle down the Out-ſides of 
the Hills, are percolated by degrees thro” the 
Pores of the Earth, and paſs along the Cra- 
nies of the Stone, &c. till they find their Way 
into ſubterranean Reſervoirs ; which being thus 
ſucceſſively ſupplied with Vapour condenſed, 
may cauſe them to overflow, and thereby feed 
the Springs that more frequently break out of 
the Sides of theſe Eminencies, than in any 
other Place. And thus may the Circulation 
of Moiſture be imagined to be carried on pro- 
greſſively between the higher and the lower 
Parts of the Earth, in a more reaſonable Man- 
ner, than by ſuppoſing, as ſome do, either, 
Firſt, That Springs axe the Reſult of Rain- 
water only, tho' they flow continually, and 
often without Diminution in the drieſt Seaſons, 
and when no Rain has fallen for a long Space 
of Time; or, Secondly, That they are derived 
from a Filtration' or Percolation of the Sea- 
water, thro” certain imaginary Tubes or Paſ- 
ſages within the Earth, in doing whereof they 
are, with no great Probability, ſaid to loſe 
their Saltneſs: Which, befides many others, 
labours under this Abſurdity, diz. That ſome 
of the greateſt Rivers in the World have their 
moſt copious Fountains fartheſt ſrom the Sea, 
and often at ſuch a Diſtance, that it is hardly 
| | credible, 
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credible, ſo vaſt Quantities of freſh Water 
ſhould fo luckily find a Way thither by the 
Means above propoſed. 


IT is improbable, for Inſtance, that ſuch a 
River as the Nile, whoſe Source is ſome hun- 
dreds of Miles from any Sea, in a high and 
mountainous Country, and in the middle of 
the torrid Zone, ſhould at periodical Times 
roll down firſt a great Quantity of turbid Wa- 
ter, and fill his ſpacious Bed, and this be fol. 
lowed by ſuch a Flood, as lays a flat Country, 
of ſo large an Extent as Egypt is, under Wa- 
ter; from which Advantage it becomes indeed 
a. fort of Granary to the Eaſt, and without it 
might probably be as barren as are its neigh- 
bouring Deſarts. 


Tre Attraction of Cohefion ordinarily ad- 
duced in the Caſe of Springs, bears no Pro- 
jon to theſe Effects. If this Cauſe be con- 
tinual, it is doubtleſs uniform. Whence then 
comes it, that the Inundation here mentioned 
is periodical ? Rain in that Country cannot be 
the Cauſe: Egypt is too well ſurrounded by 
large Continents to get much Rain. But it 1s 
not unreaſonable to believe, that the Source of 
this famous River lying near the Foot of the 
Mountains of Aby/inra, which, when the Sun 
is near the North Tropick, and the Wind con- 
ſequently North- eaſterly, collect and condenſe 
the Vapours directed thither from the vaſt In- 
diam Ocean, when the rainy Seaſon in thoſe La- 
titudes aſually begins; and hence may * 
| e 


| 
F 
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the Deluge of Rain, which rolls down into the 
fat Country, and produces the before- mentioned 
great Effect. 


Nox is it utterly improbable, but that thoſe 
very Mountains, tho' they are ſituated in the 
a Wl torrid Zone, may, like the Alps and other like 
of Eminencies more Northward, be covered with 
Hail and Snow at proper Seaſons, which by 
| the Increaſe of the Heat upon them, and eſpe- 


41. OW cally when the Sun becomes vertical, may melt 
ry pretty ſuddenly, and produce, or at leaſt pro- 
note, this periodical Inundation. 

ed 


i W AND this ſeems the more likely, ſince Peo- 
b. ne who croſs the Alps in Fuly and Auguſt, 
ee ſenſible of all the Change of Seaſons in the 

Year, and that often in the Compaſs of ten 
ad- Miles riding. At the Top, when beyond any 
ro. Ml great Reflection of the Sun-beams from the 
on- general Surface of the Earth, they ſeem to be 
hen in Greenland; toward the Middle the Weather 
ned MY gows milder, where they meet a kind of 
de MPpring ; and at Bottom they ſweat under the 
by Violence of the Heat. 


e off As there are ſundry Places of the Earth 
the vhere it ſeldom or never rains, ſo there are 
gun Aethers where it is almoſt always Dripping. 
con- The firſt are extenſive Flats, where there are 
lenſe 0 Hills to intercept and ſtop the Moiſture 
. cating in the Winds; the other are mountain- 
La us Places, that catch all the Humidity that 
ceed Nomes in their Way. Hilly Countries there- 


fore 
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fore never want an over Proportion of Rain, 
for which they often, indeed, rob their neigh- 
bouring Plains. | 


Tur Deſign of the Hills then in general 
ſeems to be, That they are placed by Provi- 
dence commonly about the Middle of the ſe- 
veral Continents, that they might ſerve to ſtop, 
or at leaſt to collect, freſh Water, for the Sup- 
port of vegetable and animal Lite in the adja- 
cent Countries. By their Height they are alſo 
of ſignal Uſe and Service in giving the proper 
Deſcent to the Streams thus produced, to the 
End that they may flow gently, as the Fluids 
in the Veſſels of the Body do, thro' every Part, 
in order to render them of more general Uſe 
and Benefit: And from the extraordinary 
Preſſure of the ſubterranean, deſcending Wa- 
ters, probably, proceeds the free and plen- 
tiful Riſe of Springs in Wells dug in lower 
Grounds, 


AT the ſame time, however, that we aſcribe 
the principal Origin of Springs to the general 
Circulation of Vapours, we cannot but ob- 
ſerve, that ſome of them are temporary, others 
—— 9 The firſt flow plentifully in moiſt 

eather, and then are often long dry; the 
other iſſuing from the Bowels of no great 
Eminencies perhaps, yield conſtantly, even in 
the greateſt Droughts, an equal Quantity of 
Water. This can only proceed from their 
being happily furniſhed with a conſtant Vein 
of that Fluid, thro' ſubterrangous Paſſages lead- 

Ws 
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ing from the Parts adjacent, and higher fitu- 
ated, to the Place of its breaking forth. Nor 
can it be denied, but that Vapours may, by 
the Heat of the Earth only, when not ex- 
poſed to the Winds, riſe from the Bottom of 
the Caverns, ſometimes found in the Belly of 
huge Hills, as in an Alembic, eſpecially if 
near the Springs, where being ſlowly con- 
denſed above, and trickling gradually down 
the Sides, may from time to time repleniſh 
certain natural Stone Reſervoirs, often to be 
found within ſuch Hills (ſomething of which 
fort in particular may be obſerved in Pools- 
Hole in Derbyſhire) whence they glide on the 
irſt Bed of Clay or tenacious Earth they meet 
with, to ſome convenient Aperture, thro' which 
they make their Way. 


On Hai, Snow and FrosT. 


AIL appears to bs no other than Drops 

of Rain congealed by the Cold, always 

fund in the upper Regions of the Air, be- 
yond the Reach of the Reflection of the Sun- 
beams from the Earth. Being opened, there 
pears ſomewhat like Snow, of a looſer Con- 
texture than Ice, in the middle of the Hail- 
ſtones, and the reſt ſeems to lie one concen- 
tic Kernel upon another. They often differ 
pretty much in Size : The larger Sort, by the 
Violence of their Fall, ſhew they come from 
great Height; and tho' at the firit Out- 
ſetting 


ſently freezes, even in warm Air. The Ex 
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ſetting their Bulk might not perhaps exceed 
the ordinary Size of common Hail, yet in 


their long Journey, ſuppoſing the humid Me- 


dium, thro' which they paſs'd, inclined alike 
to Congelation, they probably increaſe their 
Bulk throughout their whole Paſſage. And 
that they do ſo, by the Acceſſion of freezing 
Vapours, appears in part by their being com- 
monly of a looſer Texture than Ice. | 


HaiL is a frequent Attendant on Thunder 
and Lightning ; whence it may be conjectured, 
that the Salts in the Air, then probably abroad 
in greater Quantities, contribute in great mei- 
ſure to the Congelation thereof. That Nitre, 
and feveral other penetrating Salts, will produce x; 
a like Effect on Water, will appear on mixing 
a Quantity of them, or even common Salt, . 
with ſome Snow or Ice pulverized. In this d 
Mixture, diſſolved before the Fire, immerſe a 
Bolt-head full of common Water, which pre- 
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periment is deſcribed Fig. 12. Plate g, The 
Bolt-head 4 B is filled with Water only to C. 
This immerſed in the beforeſaid Solution will 
from the ſudden Conſtriction of the Glaſs, firlt 
meeting with the Cold, immediately riſe in the 
Stem, perhaps to D. Soon after it will gre 
dually deſcend from that Point, condenſing til Pre 
it comes down, and ſettles perchance at E; 
where for ſometime it will remain at Reſt : But 
ſoon recovering itſelf, and beginning to expand 
it will gradually riſe from E to F, and thence 
ſoon after, by one Leap, to G. The Water 


] 
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in A is hereupon ſeen thick and cloudy, and 
that Moment ſeems to be converted into Ice. 
As more of the Water in A however becomes 
cangealed, and the Ice hardens, part of the 
Water will overflow at B, in order to give it 
Room to do ſo. Whence it appears, that all 
Fluids ſubject to freeze, (except Oil, which 
alone is more contracted in freezing) become 
ſpecifically lighter, from Obſervation, about a 
with Part; all inferior Degrees of Cold how- 
erer will make them ſeem ſpecifically heavier 
by Contraction: For this Reaſon it is, that 
Ice not confined always floats on the Surface of 
Water. 


Ir may here alſo be remarked, that a Quan- 
tity of Water, before and after it has 'been 
frozen, is found by Experiment to differ con- 
iderably in Weight; whence it may be con- 
duded, that the Evaporation ceaſes not, either 
when the Water is freezing, or even when it 
z in a State of Ice: Which inſeparable Quality 
of Ice renders it difficult to ſay, whether fri- 
wrific Particles, which deprive Bodies of 
their Heat, if ſuch there be, have any Weight 
or not. | 


Tun Principle which Authors have gone 
upon, in order to ſolve the Phenomena of 
Freezing, are either, Firſt, according to GAs- 
en pus, that ſome foreign Matter is intro- 
duced into the Pores of the Fluid, by Means 
whereof its Bulk is increaſed, and its Parts be- 
dome fixed. * f 


| 
| 
| 
| 
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AnD theſe Gentlemen, to ſolve it, apply to 
certain nitrous Particles, properly formed to 
produce this Effect; in regard Sal Ammoniac, 
Saltpetre, Salt of Urine, and many other yo- 
latile and alkalizate Salts, mixed with Water, 
increaſe its Degree of Cold very ſenſibly. And 
the Manner in which theſe Particles are pre- 
ſumed to hinder the Fluidity of Water is, that 
they are conſtituted of rigid pointed Spreula, 
eaſily, they ſay driven into the Globules of 
Water, which, being variouſly mingled, and 
as it were intangled together, by Degrees en- 
feeble, and finally deſtroy the Motion thereof. Ml * 


SECONDLY, The Followers of Des Carts 
aſſert, that ſome Matter, naturally contained 
in the Fluid, is by an intenſe Degree of Cold 
expelled, thro' the Abſence of which, the Be 
dy becomes fixed. And this they preſume tc 
be brought about by the Receſs of the active 
ætherial Matter, to which they aſcribe all Mo 
tion of Bodies, out of the Pores of the Wa 
ter, or at leaſt to a very large Abatement of 1 
And conſidering the known Phænomena H, 
the Freezing of the natural Fluids (the At 


traction and Repulſion of whoſe Parts in 5 
State of Fluidity are pretty near equal, an Five 


therefore eaſily moved one among another 
as alſo from the Melting of. ſuch as are on 
reduced to a State of Fluidity by Heat, 
Parts being put under a Degree of extraord 
nary Vibration, which by Cold again becom 
rigid, wherein the Attraction of their Parts ſeen 
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greatly to overpower that of their Repulſion 
whence proceeds what we call Coheſion, Te- 
nacity, Viſcidity, and the like) we cannot re- 
fute either of the Syſtems above-mentioned, 
ſince neither of them at preſent come under 
Proof by any Experiment: They are therefore 


purely hypothetical. 


Bur the third Opinion on this Subject, 
according to a late French Author, is, That 
there is ſome Alteration produced in the Texture 
or Form either of the fluid Particles, or of 
ſomething contained in them. 


In Favour of this laſt, it may be obſerved, 
That a Globule of Water held on the Point of 
i Needle, in a ſmart Froſt, will, upon freez- 
ng, ſhoot itſelf out into a Star, having a cer- 
tain Number of Points; and Snow, which is 
a frozen Vapour, - ſeems to be no more than a 
Ungeries of theſe Stars, united to each other 
by the Tips of thoſe Points, and by no means 
adapting themſelves to, or filling the Inter- 
ices between them: It muſt thence follow, 
lat the Dimenſions of a Quantity of Water, 
reduced - thus by Cold from a fluid to a fixed 
ate, will be confiderably enlarged. Nor are any 
tipes or Veſſels ſtrong — to reſiſt the 
nl Power of the Congelation, but they 

enerally burſt whenever the Fluid therein 
it, ned happens to be frozen: And a Force 
110"Wipable of making a Gun-barrel fly, will be 
ec" y admitted gently to heave the Earth or Soil 
s ſel. F roſt, thereby rendering it more light, 
great 9 that 
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that ſo the Fibres of Plants may afterwards be 
able to ſhoot therein with greater Freedom; 
whence may probably proceed the general Fer. 
tility of ſuch Summers, with us, as ſucceed 
hard Winters; not to inſiſt on the Deſtruction 
Froſt uſually brings upon the Ova of Inſet, 
and other noxious Animals. 


Ir may further be obſerved, in favour of this 
laſt Opinion, that Ice being never ſo tranſpa- W 
fetit as Water, the Rays of Light do not paſs | 
thro' Water congeiled and fluid in the fame 
Manner: Which ſeems to imply, that the ; 
Contexture and Connection of the Parts of this WF | 
Fluid ate changed, and, in theſe Circum- , 
ſtances, otherwiſe combined; for Snow, where- F 
in this Change of Parts is moſt remarkable, 
is ſtil far more 'opake than Ice. At leaſt it 
is un Evidence, that there is an uneven Mu- th 
ture of an infinite Number of Air- Bubbles 
and thoſe various in Size, with the Particles 
of congealed Water, which will alſo hinder its 
Tranſparency. 


Ir we look warily among the regular and 
ihtife Flakes of Snow, as has been faid, we 
always find them conſtituted of Rowels of fix 
Points, adhering to each other by the Ends of 
thoſe Points; ſometimes However they appei 
in broken Points and Parcels, that ſeetmn to be 
only Fragments of the regular ones; and ſore 
there are that ſeem to be Wholly unform d n: 
This probably proceeds from the Accident 
they may have met with in Wann, N 
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Earth; as, by various Winds in their Paſſage, 
they may be firſt thaw'd and then frozen per- 
haps again, and fo occaſion this ſeemung Irregu- 
lrity. 


Tno' Snow ſeems to be ſoft, it is truly hard 

s Ice; and did not the Points melt on the 
2 of the Finger, or yield under it, 
* I they would appear ſo to the Touch, as when 
- WH it is cruſhed by the Foot, it really does. It is 
6 WF however very light, on Account of the extream 
4 Thinneſs of each Icicle, and of its large Sur- 
de face in Proportion to its Weight ; and Gold, 
5 WF tho' the maſt ponderous of Metals, will caſily 
* ride on the Air, we know, when beaten into 
e. thin Leaves. 


& SNow is white, becauſe it conſiſts of Parts 
that fingly are tranſparent ; but when they are 
mixed together, they appear white ; as do the 
da Parts of Glaſs, Froth, and other diaphanous 
HY Bodies, whether ſoft or hard. 


On SQUNDSs. 


QUND is itſelf not a Body, but a Mo- 
tion, accidentally impreſſed on the Body 
« the Air, by the Tremors of ſounding Bodies, 
excited either by Percuſſion or the like. It is 
Motion very different from that of the Winds, 
which conſiſis in the local Motion of the Air, 
or a Stream of it flowing ſucceſſively, with- 
vut the leaſt Vibration; whereas Sound is con- 
TY veyed 
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veyed by ſuch a Motion of this Fluid, as is 
incapable of producing any Repetition thereof 
in the ſame Place ; but having once floated along 
the Medium by the Ear, the Sound ſeems to 


drop at once, and be thenceforward there wholly 
loſt, unleſs it be afterward reflected thither. 


Tre Motion of the Air in the Winds will 
act vigorouſly on Flame; but it affects not 
the Ear with Sound, unleſs it meets with ſome 
fixed Object, the Reſiſtance whereof cauſing a 
Vibration therein, it then becomes audible, 
But the Agitation'of the Air, in the Caſe of 
Sounds, gives no Motion at all to Flame : For 
a lighted Candle put near a great Bell, when 
made to ſound, will not have its Flame agitated 
in the leaſt thereby. 


SIR IS AAC NEwToON, according to the re- 

: ceived Notion of this Truth, alſo demonſtrates, 
in the 43d Propoſition of the 2d Book of his 
Principia, That Sounds, as they riſe from the 
tremulous Motion of elaſtic Bodies, are nothing 
more than the Propagation of a Pulſe in the 
Air ſhaken thereby : And this is confirmed by 
the great Tremors that ſtrong and grave 
Sounds, as the Report of Cannon, or the 
Sound of great Bells, excite in Bodies all round 
them. And he concludes, that Sounds do not 
conſiſt in the Motion of any ZXther, or finer 
Air, as ſome have aſſerted, but in the Agita- 
tion of the whole Body of the groſſer Air con- 
tiguous; becauſe by Experiments we find, that 
the Motion of Sounds, and their Propagation, 
1 depends 
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depends abſolutely upon the Denſity of the 
whole Air. 


To prove this ; if we put a ſharp-noted Bell 
under a Receiver, and ring it, it will be heard 
to a good Diſtance ; , exhauſt the Air, and 
make the Clapper ſtrike againſt the Sides, the 
Sound will gradually abate ; and when the At- 
moſphere is quite removed, it will ſcarce be 
heard at all, Again, if the Air be condenſed in 


the Receiver, the Sound will grow louder and 


louder, in juſt Proportion to the Degree of Con- 
denſation, or the Quantity of Air crouded in. 


Non does this happen only in forced Rare- 
factions and Condenſations; but in ſuch alſo 
are natural: As is evident from FREDLIC1UsS's 
Account given in VARExN1us's Geography, of 
his Journey to the Top of the Carpathian 
Mountains in Hungary, ſaid to be higher than 
the Alps. Here the Atmoſphere, on account 
of the Abatement of its Height, with regard to 
the Sea and lower Parts of the Earth, muſt be 
very much attenuated ; and the Exploſion of a 
Muſquet there fired, ſeemed to him to ſound 
but like the Breaking of a little Stick, 


Ir may alſo here be remark'd, that in miſty 
Weather, when the Air is loaded with Water, 
or floating Vapours, being Parts of an unelaſtic 
Fluid, Sounds ſeem to come heavily to the Ear, 
and much altered from. what they ſeem, from 
the ſame Objects, when the Air is clear, 
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Tux Sound of the Bell, continually ſenfibly 
increaſing on the gradual Re-admiſſion of the 
Air into the Receiver, plainly ſhews, that the 
Quantity of Sound depends on the Degree of 
the Condenſation. Mr. HawKesBee's Expe- 
riments on Sounds made in the condenfing En. 
gine, put this Matter alſo beyond all Doubt; 
and ſuch Perſons as at great Depths of Wa. 
ter, in the Diving-bell, have their — | 
very denſe, and of Conſequence very elaſtic, Wl ; 
at the ordinary Pitch of Speaking feem to give t 
very high Words; and a Perſon who attempted Wl ( 
to blow a Hunting-horn in that Situation, had 
like to have ſtunn'd both himſelf and Hearers, q 


Tr1s can only proceed from the Parts MW » 
of the elaſtic Fluid, adjacent to the found- 
ing Body, being thereby put in Motion, which 


immediately thereupon 'catch and communicate 


Motion to thoſe which lie neareſt, theſe to the WM 14 
next, and fo forward, tho' more and more faintly, W g 
till by the Diſtance from the Centre of Sound, I at 
or the Inactivity of the Matter, in the Courle Wl 
of its Progreſs to be moved, the Reſiſtance I to 
will at length be equal to the Impulſe, and 
the Motion therefore be no farther propagated, 
Much as a Stone thrown into Water, will there- 
in immediately raiſe a wavy kind of Motion, 
ſhewn by the concentric Circles, continually float- 
ing off, but growing leſs and leſs conſpicuous, 
till they impinge or ſtrike againſt the Bank if 
near, of finally diſa of themſelves, if the 
Surface thus put in Motion be over-large. : 
I mu 
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muſt only be obſerved, that the Tremors of the 
elaſtic Particles beforeſaid will be propagated from 
the founding Body, in all Directions, as from the 
Centre, to all Parts of a ſurrounding Sphere. 


Fon this Reaſon, the Organs of Hearing. 
that are equally ſenſible and good, ate equally 
affected by the ſame Sound, convey'd to them 
from equal Diſtances ; and at different Diftances 
they are by it differently affected, receiving it in 
a different Manner, For Inſtance, a Perſon, at 
the Diſtance of two Miles, may hear St. Paul's 
Clock ſtrike without any great Emotion ; but 
at the Diſtance of ten Yards it would give him 
a good deal of Surpriſe. The Colliſion of the 
Bell with the circumjacent Air will be there 
very violent; but farther off the Motion will 
become moderate and more languid. And 


Taz Blow on theſe Occafions given to the 
Membrana Tympani will be ſucceſſively propa- 
rated thro' the artful Meandrings of the Ear, till 
u length the auditory Nerves will be more or leſs 
lhaken thereby, and the Senſation of Sound will 
o the Perception be conveyed, in Proportion to 
the 1 of the Impulſion given; upon which 
lone the Variety of Sounds wholly depends. 


Ir may not here be amiſs juſt to hint, 
at in the Proceſs of Hearing there is a two- 
bold Impulſe given to the auditory Nerves, and 
both propagated from the Membrana Tympani, 
One ſeems to be by the undulating of the Air 
a the Cavity of the ſubjacent Concha or Drum 


of 
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of the Ear, which acts upon the Membrane 
of the Riremen rotundum : And this only in- 
fluences one of the ſpiral Cavities of the Coch. 
lea. The other Impulſe is made with won- 
derful Contrivance and exquiſite Art : The 
Tremor of the Membrana — being pro- 
gated all along the five ſmall Bones of the 
inner Ear, ſome of which are moveable, to the 
Membrane of the Foramen ovale, which opens 
into the Veſtibulum or Porch, whence alone the 
ſonorous Motion is oppo gy, momnnen to the Nerves, W ; 
which are very artfully diſtributed along the W ; 
the q 


other ſpiral Cavity | of C3chlea, and its three WM ; 
ſemicircular Canals. F 


Tux moſt claſtic Bodies are the moſt ſono- p 
rous; therefore Bell- metal, Glaſs, and the like, 


d 

are remarkably ſo: But nothing more than a Li 
well-ſtretch'd String. This being ſtruck, will th: 
ſound a conſiderable Time, vibrating this Way £8 
and that, croſſing the Line at each Vibration Str. 
as a double Pendulum would do. Its Motion ng 
in this Caſe are deſcribed Plate g. Fig. 1;Wi t 
wherein AB is the Direction of the String bed 


fore it is ſtruck, and ADB and ACB th 
Figure it will form after. Theſe Vibrations a 
greateſt juſt after the Stroke, the greatel 
Range being made by the Middle of the String 
and from the Counter- action of the two fix' 
Points A and B, and the Reſiſtance of the A 
it ſtrikes againſt at cach Vibration, the Strin 
at length ceaſes to move or ſound, 


F Al 
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FATHER MERSENN1Us ſays, he found by 
certain Experiments, that a String extended till 
it was of a Concert Pitch with the Note C faut 
in the Middle of the Baſe Cliff, made no leſs 
than an hundred and four Vibrations in a Se- 
cond of Time, which conſequently gave as 
many Impulſions to the ambient Air; but 
were ſo ſwiftly performed, even here, toward 
the Bottom of the Gamut, where the Vibra- 
tions are beyond Compariſon flower than they 
are above, that the Ear was not ſo perfect 
in the leaſt to diſtinguiſh the Intervals 
thereof : But as in whirling a live Coal 
round pretty faſt, tho' we know it changes its 
no- Place — and every Moment, yet it 
ke, appears to the Eye to deſcribe one conti- 
n a med Circle of Fire; fo are we apt to judge 
wil that to be a Continuity of — which in 
Effect is the Conſequence of ſeveral diſtinct 
Strokes or repeated Impulſes from the ſound- 
ng Body. And Sir Isa Ac NewTon ſhews, 
In the Corollary of his 48th Propoſition, That 
the Number of Pulſes propagated, is always the 
Jame with the Number of the Vibrations of the 
tremulous Body; and that they are not by any 
Means multiplied in their Progreſs from it. 
tringzz This alſo plainly appears, by the immediate 
tafing of the Sound, with the ſtopping the 
Tremor of the ſounding Body, which, in Bells 
are ſtruck, is ſufficiently plain to the Touch, 
nd in Strings of a NT” Tone it is alſo evident 
the Eye. 


a TH Tun 
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Tur Difference of the Velocity of the Vi. 
brations of Strings ſounding a higher and 4 
lower Note, may be in Part collected from 
the very great Smartneſs wherewith the ſhorter 
Strings of a Spinet will throw off a Fragment of 
Paper, or other light Body, hung looſely thereon; 
whereas on the longer it will eaſily ride, at 
equal Diſtances from the Jack, when the 
Strings are made to ſound. 


Tun Manner in which a Stroke acts upon 
a Bell, is ſomething different fram one on a 
String. The Vihrations of this are made di- 
realy acroſs the Line of its Tenſſon; the on- 
ly fixed Paint of the other is that of its Suſ- 
penſion at the Crown, or in the ſtrangeſt Part 
of the Bell. The firſt is a fingle ſtreight 
Chord; the other is compoſed of an infinite 
Number af Rings, greater or leſs in Diame- 
ter, according to their Diſtances from the fixed 
Point. As the longeſt String, when ſtretched, 
vibrates ſloweſt, ſo do the Rings af greatelt 
Cireumference in this Machine: Hence we 
find that a Bell differs jn Tone, according to the 
Part tis ſtruck in. Toward the Top, the 
Sound will be more ſharp; taward the Baſe, 
more grave; according to the different Dimen- 
—4 the circular Chord, ſuppaſed to be 


A STxoxs on a Bell throws that Machine 
into an elliptical Form : If it be ſtruck with- 


out, the Front and Rear are thruſt thereby 
nearer 


. SS ASS Sn oo s 


oO eG moe =s wo 


NaTuRrAL and ARTIFICIAL. 333 


neaker together, the Sides fly out, and the 
Endeavour of the elaftic Matter to reſtore it 
elf to its ciroular Figure, vibrating to and again, 
becoming elliptioal as it were, firft one way and 
then another, is what gives and continues the 
Sound; and if the Blow come from within, the 
contrary muſt happen. This will be evident, 
tom ſtriking a glaſs Bell, faſt ſaſpended in a 
Frame, by the Crown, having a Screw in ont 
of its Pillars, which may be either eaſily ad- 
ranced toward the Machine, or withdrawn 
from it, at Pleaſure. The jarring of the Ma- 
chine againſt the Screw, when gently ſtrack 
in Front or Rear, will ſhew that the Diame- 
ter is increaſed at right Angles to the Direction 
of the Blow ; and its not jarring when ſtruck, 
in like manner toward, or in the Direction of 
the Screw, will demonſtrate, that the fore and 
back Side do then fly out, on the firſt Impulſe 
zen. | 


Tn Difference of muſical Tones (whichi are 
no more than ſeven diſtinct, viz. the Notes of 
the Gamut; and the whole Compaſs of Notes 
above or below theſe, being no mote than a Re- 

ition of the ſame Notes, either in a higher or 
ower Key) intirely depends on the different 
Number of Vibrations, communicated to the 
Air in a given Time, by the Tremors of the 
founding Body. The quicker the Sucoeſſion of 
the Vibrations is, the acuter is the Tone; and 
the contrary. 


TittrE 
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THERE are various Ways of making Strings 
expreſs the Notes in Muſick. The ſimpleſt Way 
of doing this, is to extend them with Weights, 


and if they be of one Length and Thicknek 


keeping the Series of the ſquare Numbers, vis. 
vs 9, 16, 25, 36 and 49, will produce this 
Effect *, If you would have the Weight or 
the eee all equal, you muſt increaſe the 
Diameters of the Wires or the cylindrical String 
ſo, that the Areas of their Sections may be in 
the foregoing Proportion. But the beſt Way 

of doing this is, by Stretching or Tenſion, a 
.then compounding both thoſe Proportions i ina 
judicious Manner, for the ſake of Convenience; 

as is done in the Harp, Dulcimer, Spinet, and 
Inſtruments of that Kind; the Strings whereof 
are extended above, and one End of them 
fixed over a Cavity intended to magnify their 
Sound. This is always covered by the Belly, 
a dry elaſtic Piece of porous white Fir, left 
thicker beneath the Treble Strings, and chin. 

ner under the Baſe, that it may by their ſeyeral 
Vibrations be more or leſs ſhaken, in order, by 
its Counter-vibration, to moderate the Notes, 
to mix and meliorate the Sound, and ſo to give 
what is called the fine Tone of the Inſtrument, 


A Musrcar Chord performs all its Vibra- 
tions, whether long or ſhort, in the ſame Space 
of Time. For if a String be ſtretched between 

two 


* The fame Reaſon obtains alſo in Bells ; for if you chuſe ſeven 
Drinking-glaſſes all of the ſame Note and Tone, and fill them 
with Water in Proportion to thoſe Numbers, they will exprels the 
ſeveral Notes of Muſick tolerably well; but in an inverted Order. 
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two Pins, and a Force be applied to the mild- 
de Point, to drawn it out of its rectilineal Si- 
tation, if the Diſtance be but ſmall, 'twill be 
in Proportion to the Force applied; and con- 
ſequently the Velocity wherewith it returns, 
when left to itſelf, will be as the Space it has 
to move over; and: 'twill therefore perform all 
ches Vibrations, from firſt to laſt, in the ſame Time. 
For which Reaſon the ſame Chord, in what man- 


. ner ſoe ver ſtruck, always produces the ſame Note. 
* its alſo found by Experience, that when Strings 
1 of equal Diameter, but of different Lengths, 
nz re equally ſtretched, the longer they are, fo 


much the leſs Weight will draw them from 
and heir rectilineal Situation, to the ſame Diſtance; 
of the Forces therefore by which they return are 
om Wl 11s, the Times of their Vibrations longer, and 
heir their Tones are conſequently more grave. 


jn! WHEN two Chords perform their Vibrations 
Nin. in equal Times, the Tone produced is termed 
eral * Uniſon. If one performs one Vibration, 
by vhile the other is making two; tis called an 
tes I 0Fove. If one make three, while the other 
vive I wo; tis called a Fifth. If one three, while 
ent. the other four; tis called a Fourth, If there 
be an Interval of two, or if the Vibrations are 


bra Ms 1 to 3; 'tis called a Third, Gc. 


een To make an Uniſon Sound, it is not neceſ- 
wol ry that the Vibrations af the two Strings 

ſhould actually concur ; but only that they 
ſeven I ſhould be performed in equal Times, ſo that 
then they would always concur, if they began at 
Order. the 
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the ſame Inſtant. For, as it has been dbfer. 
ved, the Eat perocives not the ſingle Vibrations 
diſtinAly ; but only difcovers that Difference 
which proceeds from the Intervals of Time 
which pats between them. 


From theſe Principles, we endeavour, with 
a late ingenious Author, to acconnt for the 
Trembling exoned in all the Umm Strings of 
any Set of Inftruments in Tane, when any 
one of them is made to fpeak. For the Vi. 
drations of the Air, which correſpond to the 
Tremors of the firſt, agrecing exactly in point 
of Time with thoſe which are capable of being Wl , 
given to the others, 'when they have, by ther WM 7 
firſt Impulſe, communicated a fmall Degree of WM ,; 
Motion to them, will by conſpiring therwwith, 2 
they move backwards und forwards, by the fame 
Means continually increaſe their Motion, till it 
becomes ſenfible. And the conwary happens 
when Strings are in Diſcord with each other: 
For in this Cafe, ſhould one poſſibly give Motion 
to the other, yet their Vibrations not bring per- 
formed in equul Times, the fecond will -come 
un ſeuſonably, und, when the other is moving 
the contrary Way, will obſtruct its Motion. 


IT is farther obfervable, that all the Octau- 
Strings of a Harpſicord in Order, will tremble 
mere or leſs 'whun any one of them ſounds. 
If one of them vibrates twice, while the other 
onde, every fecond Vibration of the (former 
will ſound a Uniſon with every one of the la- 
ter. So if one vibrates thrice, while the other 

, | 1 Once, 
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once, the Intervals of the laſt will be divided 
into three Parts, each of which will ſound a 
Uniſon with it, while the two Points between 
thoſe two Parts will remain at Reſt ; or other- 
wiſe they would interfere, hinder each others 
Vibration, and not receive from thence Mo- 
tion ſufficient to produce either a Tremor or 
a Sound. Theſe Experiments are to be made 
jery well on Glaſſes of Water, rightly toned ; 
becauſe the incloſed Fluid will help to make 
the Tremors more evident. 


Tux Ar Strings thus circumſtanced do actu- 
ly vibrate, and therefore give a Sound in ſome 
Degree, will alſo be ſufficiently plain, from 
obſerving the Motion of a ſmall Piece of Pa- 

or Down put on the Uniſon or Octave 
Strings of all Inſtruments in Tune. And the 
Thirds and Fifths being more nearly allied to 
theſe in Point of Tone than any other, ſome- 
thing of an inferior Motion may be obſerved 
n them, when an Ocfave ſounds: Theſe 
three Notes are therefore called Perfect Con- 
cords, | | 


Now as a Uniſon String in Facuo cannot 
tis Way have Motion communicated to it, it 
thence appears, that 'tis the Collifion of the 
bunding String with the Parts of the Medium, 
put thereby in Motion, which excites a cer- 
tin Degree of Motion in all thoſe Bodies, that 
within the Reach of the Sound happen to be 
n the ſame Diſpoſition, with regard to Ten- 
ity and Tone, to _— that kind of Im- 


pulſe 
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Iſe or Impreſſion from it. For Inſtance one 
kind of Tone ſhall make the Pewter jar; a ſe- 
cond Note will cauſe the China and the Glafles 
to ſing; a third ſhall put your Seat in Motion, 
a fourth ſhall ſet your Teeth on Edge; and the 


like. 


Hence too it is, that ſome Perſons, are able 
to break a Drinking-glaſs merely by the Tone 
of their Voice when brought to a Unz/on with it 
The Sound of the Glaſs, being ſtruck, always 
gives its natural Note ; which being encreaſed by 

, from a ſmaller to a larger Degree of 
Vibration, the Tremor at length becomes toc 
great to be ſupported by ſo brittle a Subſtance, 


org 5 
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_ From a Principle like this, with ſome Pro- 
bability perhaps, we may, at leaſt in Part, de 
duce the Cauſe of the cuſtomary lazy Adio 
of Yawning, often appearing to be ſympathe 
tick, It muſt be allowed, that every Part ol 
the Animal Syſtem is made up of Fibres, 0 
little Strings: Of theſe the Muſcles of the Fle 
are compoſed ; ſo are the Bones, Tendons and 
Nerves. all in a various Degree of Tenſion 
according to their Texture, Office and Uſe 
Theſe are therefore ready to receive Impreſi 
ons from the moving of their Uniſon String 
and to repeat the Notes which they ſhal 
ſound, 


Tux Perſonthen that leads this delightful Cod 
cert, either having his Spirits waſted by a lon 
Watching, or from ſome great Application, 
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he may perhaps be enervated thro” a too long 
Indolence, whereby his Nerves and Syſtem of 
fibres may be all relaxed (the animal Secre- 
ions not being duly made): Theſe therefore 
want bracing up, and being all elaſtic Chords, 
by ſtretching they recur and naturally contract, 
iter Extenſion, with greater Force and Vigour. 
Di Nature by this Means is a while refreſhed, and 
one when ſhe flags again, is again ſtimulated to and 
h i. N eleved by a Repetition of the ſame Experiment. 
Now ſuch of the Aſſiſtant- performers as hap- 
jen to be in the ſame Circumſtances, and have 
their Fibres lowered alſo down to the fame Pitch, 
mmediately take it, and like a Set of Uniſon 
rings, conſpire to give the ſame Note; this 
berefore often like a Contagion ſpreads, and 
wes round the Company. 


AnD from much the ſame Cauſe it doubtleſs 
chat good Muſick has ſo great a Command 
er, and fo viſible an Effect on the Paſſions of 
Men. The fibrous Syſtem is always more unpliant 
n Age, and more pliant in Youth ; ſome of thoſe 
Ibres will correſpond with, and be affected by 
uſick of one Sort; ſome by another. The 
oung therefore are uſually delighted with Airs, 
ich are gay, bounding and lively; the Mid- 
le aged are more pleaſed with martial Muſick, 
ad the Din of War; and the Antient generally 
refer the Solemnity of Church-muſick to any 
ter, Thus does our Taſte of Things often vary 
ith our Years ; nor is our Opinion always with- 
our Power, It will be prudent therefore, never, 
leaſt not too poſitively, to condemn, what 

2 2 from 
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from the Changes in our natural Conſtitution 
and Frame, we may be in Danger one Day 
of falling into ourſelves; nor, on the other 5 
Hand, too eagerly to cenſure the Levity and 
little Extravagance of Taſte in others, the 
Senſe e have either now out- lived, * 
or from a different Organization of Body is what 
we could not poſſibly fall into. 


WHERE a Multitude or the moſt of our br 
Fibres are agreeably moved, by the excellent 
Performance of a fine muſical Compoſition, 
we are apt to be tranſported. When mourn- 
ful Sounds invade our Ears, we are moved to 
Pity ; ſprightly Airs inſpire Love ; martial Fu 
is to be raiſed by fitting Sounds, and pro 
Meaſures : And thus may the generality of 
man Paſſions be influenced by Muſick ; as Mr 
DxyDen and Mr. Porr have finely deſcribed | 
their ſeveral Odes upon St. Ceciha's Day. 


WHEREVER we meet with a Collection 0 
harſh, diſcording, unharmonious Sounds, we 
are moſt ſenſibly tortured ; probably from thi 
before-mentioned Cauſe : The Mind ſeems tt 
be thereby unhinged, and great Violence | 
done to the whole Conſtitution, This mad 
Lord VERULAM, who was a very good Judgt 
of human Nature, think, that an Anti-muſic 
might be contrived, of ſome Uſe in War, where 
by Groans, Screams, and hideous Clamou 
might be conveyed to the Ears of the Enem 
and Horror and dreadful Apprehenſions be 
their Minds. But whether this * | 

b 
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have equally a bad Effect on thoſe who uſed 
t, is a Queſtion ; and perhaps one Reaſon why 
this Thought has been purſued no farther, 


Ir muſt, however, be confeſs'd, that the 
Shouts which our Countrymen frequently 
make, when they undertake any very hazard- 
dus Attempt in War, has its Uſe; chearing 
themſelves, at the fame time perhaps that it 
reads Diſmay among the Enemy; more eſpe- 
cally ſince theſe act together, and in Concert exe- 
cute the Commands they have received: While 
the adverſe Party, being unapprehenſive of 
what is meant or intended, are divided in their 
entiments, unprepared, and therefore leſs re- 
flute in their Defence, than the other are in 
making the Attack. | 


Tux Effect Muſick has on Perſons bit by 
the Tarantula, if true, is alſo a conſiderable 
Proof of the Power of Muſick, in putting the 
Fibres of the Body in Motion. The — 
ul is a large Spider, faid to be obnoxious only 
b the People of Apulia, a Part of Calabria, 
n the Southermoſt Part of Italy. The Patient 
iter the Accident loſes both Senſe and Mo» 
fon, and dies if deſtitute of Help, The moſt 
cfectual Remedy is Muſick. The Muſician 
ties Variety of Airs, till he hits upon one that 
ects the Patient, who upon that begins to 
move by Degrees, and keeps Time with his 
fingers, Arms and Legs, afterwards with his 
mole Body. He then raiſes himſelf up, be» 
Jus to dance, ne Activity every Mo- 
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ment, till after five or fix Hours ſmart Exer. Wl i 
ciſe in this Way, being much fatigued, he is pl 
put to Bed, to recover Strength. The next MI " 
Day the ſame Air brings him out of Bed for MI \ 
a new Dance, and no other Perſuaſion what. MW 
ever will incline him to ſtir. This Exercice Ml 
being thus continued, the Diſtemper is abated MI * 
in Bo ſpace of four or five Days, the Effects Wl © 
of the Poiſon being then in ſome Meaſure ca- 
ried oft by Sweat, and the Patient begins to re- 
cover his Strength and Senſes by Degrees, 


In Av ſeen a Perſon that was born deaf Ml *: 
and probably ſo will always continue, when MW » 
he held the End of a Violin between his N 
Teeth, on which another played, rejoice very fe 
much, as being made that Way ſenſible of the Ml ®* 
Muſick. This could only be communicated 
to his Perception by the Vibration of the ſolid B 
Parts, the Bones of his Head, communicated Ml © 
by thoſe of the Inſtrument, 10 


AN p this Experiment any one may make, WM th 

ſtopping his Ears with his Fingers ſo cloſe, I ha 
hat he cannot hear an Inſtrument that ſhall wi 
be play d on; let him then lean his Head, ei- fer 
ther againſt the Inſtrument itſelf, or apply it toi m 
the End of a long Stick that bears againſt the 
Inſtrument, and he will diſtinctly perceive every 
Note that is played, 


THis is one Way, and a very certain one it 
is, which the Mariners take to diſcover where 
about the Leak in a Ship is, when not ealil 
to be found, vix. They take a Staff, and hold 
" _ ng 
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ing one End of it tight to the Ear, they ap- 

y the other ſucceſſively to the ſeveral Parts of 
its Sides, till they diſtinctly hear where it is the 
Water ruſhes in, tho' the Noiſe be too incon- 
iderable, and not poſſible to be found by the 
Ear alone. And every one knows how dithcult 
'twould be to remove all the Ballaſt and Stow- 
ze of this bulky Machine, in order to diſcover 
it any other way. 


IT is a common Experiment, for a Perſon 
liſtening at one End of an extended Cable, or a 
Stick of Timber of any Length, to hear a Scratch 
made with a Pencil, the Beating of a Watch, 
or a ſmall Fillip with the Finger, at the other, 
purely by the Elaſticity of the Parts of thoſe 
Bodies. The Centinels of the advanced Guard, 
in Time of War, are ordered to lie on their 
Bellies, with their Ear to the Ground, that the 
arlieſt Notice of any Motion of the Enemy may 
ſo be had, and prevent a Surprize; the Sound 
being communicated a long Way by means of 
the Earth. And jealous Princes have ſometimes 
had Pipes laid from the Council to the Cabinet, 
whereby they have become Maſters of the Con- 
ferences there carried on, being conveyed by 
means of the elaſtic Fluid encloſed therein. 


As the Effect of String-muſick is produced 
by the Tremor or Vibrations of a ſoundin 
string, excited by a Blow, or ſome — 
Force applied; ſo is Wind-muſick produced 
by thoſe of the ſounding Pipe, by means of 
the Influx of Air condenſed. The Organ in 
particular has a very long Trough, air-tight, 


4 with 
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with which the Pipes of the whole Inſtrument 
communicate, and into which all the Bellows 
are made to blow, in order to furniſh a con- | 
ſtant Supply of Wind. The Keys, lifting little 
Springs from time to time, let a Part of this 
Air out of the common Magazine, which im- 
mediately ruſhes into its peculiar Pipe, the 
nether End whereof is formed ſomething like 
the Mouth-piece of a Flute; where meeting 
with a ſharp Edge, exactly oppoſite to the 
Channel of Induction, the Stream of Air is 
thereby divided into two Parts, one whereof 
paſſes without the Pipe, and runs waſte, the 
other puſhes in with a Force ſufficient to put 
the Parts of the elaſtic Matter, of which it is 
compoſed, into ſuch a Tremor, as is proper to 
ſound the intended Note, to which the Dimen- 
ſions of the Pipe and other Circumſtances alſo 
contribute. The Metal Pipes are cylindrical, 
the Wooden ones uſually ſquare. 


IT may be obſerved of the Flute, Hautboy, 
and ſuch Inſtruments whereon the Notes of 
Muſick are ſtruck by the Help of Ventages or 
Holes made in the Trunk of the Tube, that 
they are not bored cylindrical, but conically ; 
not only that the Tube may be kept of a due 
and manageable Length, but alſo to ſave a great 
Expence of Breath, 


W as the Tube of the ſame Bigneſs through- 
out, the Quantity of Wind requiſite to ſound 
the higheſt Note diſtinctly, would neceſſarily 
be attenuated in its Paſſage down it, gradually 

mingling 
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mingling with Air of the common Degree of 
Denſity found therein. This would require, 
let us ſuppoſe, the Aperture fit to ſound the 
ſecond Note to be placed an Inch below the 
firſt, The ſame Cauſe ſtill increaſing, let us 
ſuppoſe the third Note put at the Diſtance of 
two Inches, the fourth at three, the fifth at 
four, the ſixth at five, the ſeventh at ſix, and 
the Octave at ſeven Inches. The Sum total of 
all theſe, with the Intervals proper to be left 
between the Extremities of the Flute and the 
Holes, would make the Tube of an inconve- 
nient Length, and bring the Ventages not with- 
in the Reach of an ordinary Set of Fingers. It 
would alſo require an uncommon Stream of 
Air to repleniſh a Tube thus circumſtanced ; 
whereas, by the gradual Contraction of the 
Channel, as 'tis bored taper, the Wind will be 
rather condenſed in its Paſſage, and to very 
good Purpoſe. To this Artifice the Workmen 
generally add another, which is, to make the 
Holes of a greater or leſs Diameter, according 


as the Note requires the Sound to be more or 
leſs ſharp. 


Ap here we may not improperly mention 


the Organs of Speech, the Voice being modu- 
lated or governed by the Contraction, Exten- 
hon and Management of the Muſcles of- the 
Larinx, which is made up of five Cartilages, 
different in Shape and Size, and diſtin& from 
thoſe ſemicircular cartilaginous Rings which 
conſtitute the Windpipe ; but are very nicely 
contrived and adjuſted to one another for mo- 


dulating 
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dulating the Ingreſs and Egreſs of the Air in 
Reſpiration, Speaking, Singing, &c. The 
Muſcles that move the Tongue, alſo contribute 
very much to the Production, Formation and 
Articulation of the Voice; ſo does the apt Diſ- 
poſition and Organization of the other Parts of 
the Mouth, the Palate, Lips and Teeth. A 
juſt Arrangement of theſe greatly conduces to 
the Propriety and Harmony of Speech : And 
when thoſe Parts are happily formed for the 
Purpoſe of Singing, the judicious Performer is 
now-a-days found to be in Poſſeſſion of a very 
lucrative, as well as entertaining Qualifica- 
tion, 


IT is alfo from a Difference of the Organiza- 
tion in the Throat and Mouth of other Animals, 
that to expreſs the ſame Paſſion of the Mind, 
one growls, another hiſſes, and another roars; 
in the ſame Manner that equal Blaſts from the 
fame Lungs produces one Tone on the Trum- 
pet, another on the French-horn, a third on the 
Baſſoon, and the like. 


On the SrEAKING- TRUMPET, an 
AvURICULAR-Tuss. 


HE Speaking-Trumpet was invented by 

Sir 1 for the Benefit 

of making People hear at a Diſtance; as at Sea, 
in a Siege, &c. It is a conical Tube, made of 
thin Braſs, Tin, or other elaſtic Matter, from 
two to ſix Feet long. 
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Tur Reaſon why the Voice is magnified by 
this Machine is, becauſe it is made of a Sub- 
ſtance eaſily ſhaken, by the Vibrations whereof 
the circumjacent Air 1s put into greater Motion. 
Theſe being ſucceſſively propagated thro' the 
Tube, are continually reverberated or reflected 
from the Sides into its Axis, by that Means be- 
ing prevented from ſpreading, till they get out 
of it. The gradual Increaſe of the Cavity of the 
Tube puts all Parts of the Metal into a propor- 
tionable Degree of Motion; ſo that what Tre- 
mors might be confined within the Compaſs of 
an Inch in Diameter at firſt, will be afterwards 
diffuſed ſo as to fill a Circle, perhaps twelve or 
fifteen Inches in Diameter, before 1t leaves the 
Inſtrument, which then generally becomes the 
Centre of Sound. It muſt, however, be obſer- 
ved, that the more ſonorous and audible the 
Voice is made by this Means, the leſs articu- 
late or diſtin& it is: Juſt as Light, to which 
Sound bears in many Things a pretty near Re- 
ſemblance, the more it is diffuſed, the leſs will 
it diſtinguiſh the Objects whereon it falls; and 
the more it is condenſed, the brighter and 
more diſtinct will the Objects it is — on 
always appear. | 


For a contrary Reaſon the Auricular Tube, 
the Figure of which is repreſented Frg. 14. 
Plate g. aſſiſts ſuch as are hard of Hearing, 
when not occaſioned by the Humours becomin 
inſpiſſated by Cold, &c. and the Obſtructions 
conſequent thereon, In which Caſe this 12 

| S 
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chine can be of little Service ; waſhing out the 
Wax does much better : But when the Organ 
itſelf is by Age enfeebled and decayed, that is, 
when the acouſtic as well as other Nerves have 
loſt their Delicacy, this Tube may be of real 
Uſe and Service, in rendering Sounds more 
diſtin& and audible. 


| Tris Machine then ſeems to be juſt the Re- 
verſe of the Stentorophonic Tube, or the Speak- 
ing-trumpet juſt mentioned: As the Uſe of 
that is to diffipate, this is intended to collect 
the Rays of Sound. With regard to the Struc- 
ture of it, the Baſe is beſt made in Form of 
the parabolic Curve, finiſhing at Top with a 
ſmall bent Tube, that it may more conveni- 
ently be applied to the Ear. It does thus in 
ſome Meaſure reſemble the auditory Duct, or 
the inner Ear itſelf, which is alſo ſomething 
conical, having the Baſe outward, and the 
Apex next the Head; that ſo a larger Quan- 
tity of the moved Air may be collected, re- 
ceived, and thereby tranſmitted to the Point of 
the auditory Nerve, which muſt be ſhaken to 
produce Hearing and give this kind of Perception. 
So that this Contrivance is in Effect no more 
than the Baſe of the Ear enlarged, and there- 
fore capable of intercepting more of the Rays 
'of Sound than the Ear alone ; and that in 
Proportion to its Baſe. And theſe being gra- 
dually contracted into the ſmaller End, are 
thence thrown upon the Tympanum, and affect 
the inner Ear according to the Force and Quan- 
tity of the Impreſſion received, _ 
HE 
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THE Smoothneſs of theſe Machines is no 
ſmall Advantage to the Conveyance of Sounds 
thro' them ; for by Experiment we know, that 
theſe always glide with moſt Eaſe, and move 
the fartheſt, over ſmooth Surfaces, where there 
is nothing to obſtruct and divert their Progreſs, 
or to occaſion a Rebound, 


On Places of HzAariNG. 
I: may ſeem incredible, that the Voice of 


a Man might be diſtinctly heard at the Di- 

ce of ten or twelve Miles : But a Gentle- 
man of great Veracity, who had lived ſome 
Years at Gibraltar, affirms to me, that he has 
at Old Gibraltar heard the Watch-word of the 
Night, viz. All's well, given by the Centinels 
to the Patrole, paſſing along the Ramparts 
of New Gibraltar, in a ſtill ſerene Night, 
when the Water was perfectly ſmooth, and 
that, he thinks, as plain and diſtinctly as thoſe 
who walked the Round, or himſelf (had he 
been upon the Rampart) could have done. The 
Bay between the two Places he judges to be 
about three Spaniſh Leagues over. This is a ſuf- 
ficient Proof of the Service it is to Places of 
Hearing, that their Surfaces ſhould be as ſmooth 
as poſhble. Carpets, Hangings, and the like, 
are great Impediments to Hearing. Such Fur- 
niture having nothing elaſtic in it, the Voice is 
damped and deadned thereby. Snow lying on 
the Ground will do the ſame thing, and even 
alter the Tone of Bells ſeemingly very _ 
OR 
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Fox this Reaſon the Surfaces of Whiſpering- 
places are commonly made very ſmooth. They 
are beſides this, commonly diſpoſed and built 
in a circular, or at leaſt a curvilineal Form, 
capable of catching and tranſmitting all the 
Reflexions of Sound that come within their 
Compaſs. That of the greateſt Note in Lon- 
don, is in the grand Gallery of St. Paul's Cu- 
pola. Juſt above the Gallery is a ſtrong 
ſmooth blank Wall painted, being the Baſis 
of the Dome. It is circular, and being the 
Zone of an Ellipſe, it is not quite ſo wide 
at Top as at Bottom. Let a Perſon here 
ſpeak with his Cheek to the Wall, in Whiſper, 
he will be audibly heard quite croſs the Gal- 
lery ; the Reaſon of which comes next under 


Conſideration. 


LeT ABC, &c. Fig. 15. Plate . repreſent 
the Line or Part of the blank Wall, againſt 
which the Speaker whiſpers. The Air put 
into Motion thereby, impinging firſt at A, 
according to the Angle in which he directs his 
Voice towards the Wall, will be thence reflected 
to B, thence to C, to D, to E, and fo on to F 
and C, where the Reflexions, brought by the 


collateral and contiguous Lines, will alſo nearly 


meet, and by their Union, there cauſe a much 
ſtronger Sound than in any other Part of the 
Circle whatſoever; much greater than at A, 
the Point from whence the Sound originally 
came. It will be very well heard at G, if 
there happens to be a Pier, or ſomewhat pro- 

jecting, 
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jecting, to ſtop and reflect it thence at once : 


But if there be no ſuch thing, nor any Ear to 
receive it applied, it will probably proceed quite 
round the Dome, and come again to the 
Speaker himſelf, tho much diminiſhed, at A. 
on account of the more frequent Reflexions 
it muſt have ſuffered in paſſing over twice the 
Space, Nor is this the only Cauſe of this 
Phenomenon ; for the Air thus agitated by 
the Voice, and paſſing round the Zone, as 
before-mentioned, is very much augmented by 
ſomething of a like Courſe it alſo takes, from 
the Lips of the Speaker, quite croſs the upper 
Part of the Dome ; which being elliptical, is 
from its Form and Structure, of good Advan- 
tage to the eaſy Reflexion of the bounding 
Voice, in its Paſſage from one Side of the Fi- 
gure to the other; the Rays of which there 
concentring as it were, and meeting, make 
their general Effort diametrically on the oppo- 
ſite Side; eſpecially if they happen to come 
thither all at the ſame Time. 


Ax Ear placed at the Vertex or Top of a 
Dome, or indeed any other vaulted or arched 
Place, would find any Sound, made within 
reach, very much magnified, on account of the 
many Reflexions made from Side to Side thro? 
every Part of the Hemiſphere : But it will be 


found ' alſo confuſed and very indiſtin&t, not 


being placed in or near the focal Point of the 
Figure : And hence proceeds the Bomb that 
generally attends Voices uttered, and Noiſes 
made in cavernous and vaulted Places: For 

| which 
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which Reaſon alſo flat Sound-boards to Pulpits, 
and flat Ceilings to Rooms are -much fitter to 
_— the Voice and keep it articulate, than 


ole of any other Form. 


In Auditories, ſuch as Churches, Theatres, 
Courts of Judicature, &c. where the Hearing 
diſtinctly and well may be of Uſe, the Form 
of the Building ſhould be a little conſidered, 
We know, that if a lighted Candle be placed 
in one of the Foci, or the Centres, from 
whence an Ellipſe is deſcribed, as at A, Fig. 
16. Plate g. the Rays of Light, ſuppoſing the 
5 to be made of bright Tin- plate, or other 
poliſhed Matter, will be generally reflected in- 
to the other of them, as to B, which will 
then be the Point moſt enlightened. And there 
being a great Similarity between the Progreſſion 
of Light, and that of Sounds, as was before 
hinted, it will thence follow, that whatever 
Sounds, proceeding from one of theſe Points, 
ſhall be caught by the Walls of an Edifice of 
this Figure, will be reflected thence, with great 
Advantage, toward and indeed into the other, 
following the Direction of the Lines AC, CB; 
AD, DB; AE, EB; AF, FB; and vice 
verſa. If one of theſe central Points be ap- 
pointed for the Evidence, and the Criminal, 
the Judge, and Jury, might be very well poſted 
in the other, as it is the moſt commodious Point 
for Hearing that can be contrived. 


In general it may be obſerved, that all the 


Auditors will by the Reflexion of the Voice _ 
c 
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ſome one or more Parts of a Room that has its 
Area of the above-mentioned Form, hear the 
Speaker much better in every Part, than in one 
that happens to be incumbered, or of a leſs 
advantageous Figure for the Purpoſe, The good 
Effect of ſuch a Diſpoſition is, by Experience, 
well known to the Inhabitants of St. Anne's, 
Weſtminſter ; for the Reader is certainly much 
better heard, in all the remoter Parts of the 
Church, from the Communion- table, placed in 
an Alcove of that Figure, than from the Read- 
ing-deſk, tho' it be a great deal nearer, The 
Theatre in Oxford, wherein this Matter was 
very rightly conſidered by its great Architect 
dir CHRISTOPHER WREN, is, regarding its Di- 
menſions, an excellent Room for Hearing, of 
which the Ceiling is flat, ſmooth, and painted: 
Whereas in the Amphitheatre of Barker's and 
Surgeon's-Hall near Cripplegate, London, the 
Speaker is not ſo diſtinctly heard, tho' the 
Room is many Degrees leſs, having the Ceiling 


eoved. 


On the Ecuo. 


1 Antients, being wholly unacquaint- 
| ed with the Cauſe of the Echo, aſcribed 
t to ſeveral Cauſes ſufficiently whimſical. The 
Poets, who were not the worſt of their Philo- 
ſophers, imagined it to be a Perſon of that 
Name metamorphoſed, and that ſhe affected 
to take up her Abode in particular Places; for 

A a they 
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they found by Experience, that ſhe was not to 


be met with in all, 


Wr are very well ſatisfied, that the Echo is 
produced by the Reverberation or Reflexion of 
Sound from certain fixed Objects to the Ear, 
placed in a proper Situation to receive the Impreſ- 
ſions returned thither by the Recoil of the Air. 
From this Cauſe the Sound is always weaker in 
the Return, than in its direct Progreſs forward, 


THERE are ſeveral Places fit for the Echo; 
— Sag ealily points them out to us. For 
nce: Fig. 17. Plate 9. F is an old Build- 
ing, having a blank Wall. C is the Stand of 
the Speaker, about two hundred Paces diſtant, 
The Ground from C to F lies on a Declivity, 
Here placing yourſelf directly fronting the Wall, 
and pronouncing any Number of Letters current- 
ly and clearly, the laſt eight of them will be 
perhaps diſtinctly repeated, and with the ſelf- 
fame Intervals where with they were uttered, It 
you pronounce the ſame at D, you hear perhaps 
only the three or four laſt; and if at E, you 
perceive no Repetition at all. The Reaſon is, 
becauſe at E the Stroke ariſing from the Vi- 
bration of the Air is reflected to the Ear the 
very Moment it is made; whereas at a proper 
Diſtance, the Sound reverberated from F, at fit- 
ing Intervals returns firſt one Syllable, and then 
another, till eight, and often more, according 
to the Situation and Diſtance. of the Place, as 
was faid, are diſtinctly and ſucceſſively heard. 


Tur 
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Tur Diſtance of the Object returning the 
Echo, may be pretty well known by the Num- 
ber of Syllables which it repeats. No one Syl- 
lable or ſingle Note will be returned clearly 
under the Diſtance of twenty-four Paces or an 
hundred and twenty Feet, and ſo on in a direct 
Proportion: The Echo then returning eight 
Syllables, muſt come from an Object diſtant at 
leaſt an hundred and ninety-two of the former, 
and nine hundred and ſixty of the latter. 


DR. Prom, in his Natural Hiſtory of Ox- 
fordſhire, informs us of an Echo in Woodftock 
Park, which in the Day, when little Wind, 
was ſtirring, returned in his Time ſeventeen 
diſtinct Syllables, and in the Night, twenty. 
The probable Reaſon why it repeated more 
Syllables by Night, than it did by Day, is, 
becauſe the Air being then colder, was conſe- 
quently denſer, whence the Return of the Vi- 
brations became flower, which gave Time for 
the audible Repetition of more Syllables, 


Tur Cauſe why ſome Echo's return more, 
and ſome fewer Syllables, lies, without all 
Doubt, in the different Diſtances of the Ob- 
jets returning the Voice to the Ear. In a 
Wood of lofty Trees, the barking of a ſingle 
Dog may be ſo ſoon and ſo often repeated, 
that it ſhall reſemble the Opening of a whole 
Pack; and for a like Reaſon the Fret-work 
pendent from the Roof of Gothic Choirs, 
at King's-College Chapel in Cambridge, for 


a 2 In- 


356 The Motion of FLulps, 


Inſtance, and many other Places, procures 3 
conſiderable Lengthening of the Sounds, from 
their frequent Repetition by the Means before- 
faid, which is eſteemed an Advantage to Church- 
muſick. Theſe are called Tautological Echo's; 
ſome of which will return a Clap with the 
Hands, or a Stamp with the Foot, eight, nine 
or ten times diſtinctly; the Noiſe dying as it 
were away, and melting by Degrees, becomes 
conſtantly weaker and weaker. There are alſo, 
as the Lord VERULAM obſerves, Echo's upon 
Echo's, which he calls Back-echo's : Theſe 
may promote the harmonious Dying away of 
the Notes in the forementioned Places, but are 
otherwiſe inconfiderable. 


IT may be obſerved, that all Echo's have 


ſome one Place, whither they may be return- t 
ed, ſo as to be heard by a Man's ſelf more Ml yi 
ſtrongly and diſtinctly than any other; and WW ey 
that is always that lying at Right-angles MW to 
with the returning Object: For if a Man ſtands WM w. 
obliquely to it, the Voice will be better re- an 
turned, and more diſtinctly heard by another W ger 
Perſon at ſome other Place. The Angle of W Bo, 
Incidence is always equal to the Angle of W nor 
Reflexion; the Note or Sound thrown di- Gar 
realy on any Object, will therefore be te- Di, 
turned nearly in the ſame Line : Whereas that 
which is thrown thereon obliquely, will be I 
thence reflected in the. ſame Manner, and willWthat 
reach another Place with greater Advantage. Wdics 
For Inſtance : Let the Speaker at C, directly phe: 
front Firm 
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front the Building at F, Fig. 17. Plate g. he 
will plainly hear his own Words, by reflex 
Sound. Let him remove to G, the Echo will 
be moſt audible at H; and if the Voice be 
uttered at J, the Reflexion will beſt be made 
at K. 


TH1s being all material, that occurs at pre- 
ſent, on the Subject of the Air, and its Depen- 
dencies, let us conclude this Treatiſe with ſome 
Account of the Tides. 


On the TIDESV. 


HE Tides could no way be accounted 

for, till Sir IsAAc NRWTON diſcovered 
the Principle and Properties of univerſal Gra- 
vitation ; that is, the Force whereby not only 
every Particle of Matter in each Planet tends 
to the Centre of that Planet, but alſo that 
whereby the Planets, reciprocally tend to one 
another, and the whole Chorus of them in 
general to the Sun, being by far the greateſt 
Body : As alſo that the Force of the Attrac- 
ton exerted by thoſe Bodies at different Di- 
ſtancgs, is reciprocally as the Squares of thoſe 
Diſtances. 


IT is one Conſequence of theſe Principles, 
that the Earth, Sea, and the celeſtial Bo- 
lies, acquired at firſt, and ſtill preſerve, their 
ſpherical Figure: And tho' the Tenacity and 
firmneſs of the ſolid Parts may in ſome Places 

A a 3 ſup- 
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ſupport the Inequalities of the Land above the 


ordinaiy Level; yet do the Fluids preſſing equally, 
and eaſily yielding, ſoon reſume their Equili- 
brium, whenever it is diſturbed, and more exactly 
maintain the Figure of the Globe. 


ANOTHER Conſequence of them is, that 
tho' heavy Bodies on the Surface do gravitate 


and tend toward the reſpective Centres of the | 
Sun, Moon and Planets, yet is the Force e- 


erted by the gravitating Body, in its Deſcent 
towards the Centre, in all Places not alike; 
but is ſtill leſs and leſs, as the Diſtances from 
that Centre increaſe : That is, both the Weight 


of Bodies and the Force of their Fall is leſſened 
in Parts more removed from the Centre, in the 


Proportion of the Squares of the Diſtance. For 
Example: A hundred Weight on the Surface 
of the Earth being removed one Semidiameter 
from the Centre more, or raiſed to the Height 
of about four thouſand Miles above the Earth, 
would weigh but aQuarter of a Hundred, and re- 
moved ſtill four thouſand Miles farther, no 
more than a Quarter of that, or ſeven Pounds; 
and conſequently, the Body that ſhould weigh 
three thouſand fix hundred Pounds in the 
Centre of the Earth, at the Diſtance of the 
Moon would weigh no more than a Pound, 
by the fame Rule. And in the ſame Propor- 
tion does the Velocities of the Fall of Bodies 
decreaſe, For as on the Surface of the Earth, 
all things not impeded by the Medium, fall 
about fixteen Feet in a Second; at one Semi- 


diameter aboye it, would fall but four F hy = 
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the ſame Time; at four Semidiameters frmo 
the Centre, no more than one Foot in a Second; 
and at the Diſtance of the Moon, 'twill fall no 
farther in a Minute than it does near the Earth's 
Surface in one Second of Time. 


From theſe Principles, not only the Theory 
of the ſeveral Appearances .in the Syſtem of 
the Moon and Planets 1s diſcovered, and ac- 
counted for, but alſo the general Cauſe of the 
Tides may thence be deduced, and ſufficiently 
explained, 


Tu Moon revolves, as it were, round the 
Earth, to which it is a Satellite or an Attendant 
Planet, in twenty-ſeven Days, ſeven Hours, and 
forty-three Minutes, at the Diſtance of about two 
hundred and forty thouſand Miles from its Cen- 
tre, having but about a fortieth Part of the Mat- 
ter contained in the Earth. The Earth, at the Di- 
ſtance of about eighty-one Millions of Miles, re- 
volves round the Sun in a ſyderial Year, viz. in 
three hundred ſixty-five Days, fix Hours, and 
about three Minutes and a quarter. His Quantity 
of Matter is one hundred fixty-nine thouſand 
two hundred and eighty-two times that of the 
Earth, according to Sir IS AAC NREWTOR's 
laſt Calculation, 


Tux Earth then attracts the Moon in a 
ſuperior Degree, and confines it from flying 
off in a Tangent Line to its Orbit, which would 
happen, were it not for this Attraction. The 
Moon, in its turn, re-attracts the Earth to 
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a certain Degree; the ſolid Parts whereof be- 
ing rigid, ſeem not to be affected by it: But 
the Fluids yielding thereto, riſe, ſwell, and 
thereby ſeem to confeſs its Power. The Sun, in 
like manner, attracts the Earth, fo as to pre- 
ſerve and keep it in its annual Orbit; in ſome 

ſort alſo it affects her Fluids; but, by reaſon 
of his very great Diſtance, ſeemingly in a 
much leſs Degree than does the Attraction of 
the Moon. 


IT being demonſtrable then, that the Earth 
is within the Sphere of the Attractions of both 
Sun and Moon ; it follows, that the Equality 
of the Preſſure of the Gravity of Matter, or 
its general Tendency toward the Centre of the 
Earth, will be thereby occaſionally diſturbed. 
Was the Earth intirely free from the Actions 
of the Sun and Moon, the Ocean, being equally 
attracted on all Sides by the Force of Gravity, 
would continue in a perfect Stagnation, and 
neither ebb or flow: But as the Caſe is other- 
wiſe, it muſt needs riſe higher in thoſe Places, 
where the Actions of the Sun or Moon ſhall 
occaſionally diminiſh its Gravity. 


Tur Action of theſe upon the whole Maſs 
of the folid and coherent Earth, is the ſame 
as if all its Matter were accumulated and 
contracted, and the whole Weight of it were 
brought into and depoſited in its Centre, For the 
Parts about Z are juſt ſo much more attracted 
by the Moon at L, Fig. 18. Plate g. by how 
much the Parts about N are attracted leſs than 
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is the Centre T, and vice verſa, And ſince 
one compenſates for the other, it follows, that 
the whole Body of the Earth at ZOHNM is 
equally attracted by the Moon at L, as if all its 
Parts were reduced into and fixed in the Centre 


T. We may therefore ſpeak of the ſolid Parts 


of the Earth, excluſive of the Water ſurround- 
ing it, as of that Point. 


Tr1s premiſed, let us next conſider the 
Globe of the Earth as covered with a deep 
Sea: It will then follow, that by the yielding 
hereof, the Earth will put on the Figure of a 
Spheroid, whoſe longeſt Diameter, if pro- 
duced, would paſs thro' the Moon : That is, 
wherever the Moon is vertical, ſhe will not 
only raiſe Tides immediately under her, in the 
Zenith at Z; but alſo, at the ſame time, in 
the Nadir, or the oppoſite Point of the Earth 
at N. She raiſes the Water in the former, 
becauſe the Fluid there if near four thouſand 
Miles nearer to her attractive Power, than is 
the Centre of the Earth at T, it therefore gra- 
vitates leſs, and becomes lighter, than that in 
the Parts about H and O, lying in the fame 
Line with T, and, in order to preſerve the 
general Equilibrium, prefles of courſe toward Z, 
and cauſes an Accumulation, or Swell of the 
Fluid there. 


Tuls then is the Cauſe of the Tides in the 
Zenith. But to account for thoſe in the Na- 
dir, we muſt obſerve, That as the Water in Z 
is attracted more by the Moon at L, than wo 
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the Earth at 7; ſo is the Earth at T there. 
by more attracted than will the Water at N, 
lying near four thouſand Miles ſtill farther 
diſtant from ſuch her attractive Power. The 
Water therefore at N tending leſs toward the 
Moon at L, than the Earth at 7, will be leſs 
attracted by the Difference of Gravitation toward 
the Moon ſeverally in T and N; which, as has 
been faid, is according to the Squares of their 
reſpective Diſtances reciprocally. 


Tx1s rightly underſtood, it will plainly fol- 
low, That the Ocean muſt on theſe Occaſions 
neceſſarily put on a ſpheroidic Figure, whoſe 
longeſt Diameter will be where the Moon 
is vertical, and ſhorteſt where ſhe appears in 
the Horizon : And that the Moon, apparently 
ſhifting her Poſition, as ſhe ſeems to turn 
round the Earth once a Day, from Eaſt to 
Weſt, (produced however by the Rotation of 
the Earth, from Weſt to Eaſt, upon her own 
Axis) thereby occafions the Floods and Ebbs, 
obſervable every twenty-four Hours four fifths, 
which happens to make the mean Length of a 
lunar Day. 


IT may not be amiſs to endeavour to ex- 
plain this Difference of the Moon's Attraction 
between the Parts in the Zenith, Centre, and 
Nadir of the Earth, by a familiar Example. 
Let us ſuppoſe, a four-oar'd Boat a-head, a 
Wherry with a pair of Oars in the middle, and 
a third Veſſel with a pair of Sculls behind, all 
of the ſame Bulk and Weight, and floating at 


equal 
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equal Diſtances from each other, down the 
Stream, without Rowing : Being all impelled 
with the ſame Force, or carried by the ſame 
Stream, they will all move equally, and keep, 
in general, the ſame Diſtances they had when 
they firſt ſet forward. In this Circumſtance 
they will repreſent the three forementioned 
Parts of the Earth moving regularly in the Ex- 
panſe, and barely proceeding in her Orbit round 
the Sun, Let then the Rowers, according to 
their ſeveral Power and Force, begin at once 
to work, the four-oar'd Boat will ſoon gain 
Ground upon the other two, and the two-oar'd 
Boat will leave the Sculler behind, in Propor- 
tion to the ſeveral Forces wherewith they ſhall 
be wrought. The advancing of the foremoſt 
Boat will eaſily denote the ready Riſing of the 
Water toward the Moon, when in the Meri- 
dian; the coming forward of the central 
Parts of the Earth will be ſignified by the get- 
ting on of the middle Boat ; and the Swel- 
ling of the Water in the oppoſite Point, will 
= repreſented by the lying behind of the 
ller, 


OR again ; Suppoſe a String faſtned to a con- 
cave Sphere, ſay of Wire, which has a Bullet 
in it looſe; as ſoon as the Sphere ſhall be 
whirl'd about, at the End of the String, the 
Bullet will recede from it as far as may be; and 
it will be found always diametrically oppoſite to 
the String, and endeavouring to fly off, will, 
by its centrifugal Force, draw the Sphere, not 

being 
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being perfectly rigid, into the Form of a 
Spheroid. 


Or once more ;' Suppoſe the String faſtned 
to the Bullet within the Sphere, now left at Li- 
berty, and being together whirl'd about as be- 
fore, the Bullet will remain in the Place where 
it is confined by the String ; but the Sphere not 
being perfectly rigid, will, from its own Weight, 
be drawn out, as before, into a Spheroid. 


To apply this; Imagine the great Ocean, 
which we before ſuppoſed to cover the Earth, 
to be analogous to the Sphere; the Earth to 
the Bullet, and the Gravity between the Moon, 
Earth and Water, to the String, whereby they 
are retained in their Orbit, and the Gravity or 
Attraction between the Earth and Water, to 
the Rigidity of the Sphere: Suppoſe then the 
Water to gravitate towards the Moon, and the 
Earth not ; of conſequence the whole Maſs of 
Waters will get into x w Zenith, and the Earth 
will ſeem rather to endeavour to recede from 
the Water, as the Bullet inclines to do. But 
the natural Attraction between the Water and 
Earth anſwering, as was ſaid, to the Rigidity of 
the Sphere, will not ſuffer it wholly to fly off, 
whence the Earth will remain in the Point the 
moſt diſtant from the Moon, that is, in the Na- 
dir : And this is fitly repreſented by the String's 
being faſtned to the Sphere. 


AGAIN ; Suppoſe the Earth to gravitate to- 


ward the Moon, and the Waters not, the 8 
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will then be in the Zenith, and the Waters will 
take their place in the Nadir; which again would 
quit the Earth, but for the Attraction between 
the Earth and Waters: And this is correſpon- 
dent to the whirled Bullet's being faſtned to 
the String, leaving the Sphere at Liberty. 


LASTLY ; Suppoſe both the Earth and Wa- 
ter to gravitate towards the Moon, as they re- 
ally do, 'twill follow, that the Parts of the 
Water nearer the Moon than the Earth, will 
be more attracted thereby, and riſe into the 
Zenith : Whereas the Parts of Water which 
are farther from the Moon than the Earth, will 
be leſs attracted on the whole, and fo flow 
into the Nadir. By which means Tides will 
be raiſed both in the Zenith and the Nadir, at 
the ſame Time : And this may ſuffice to give 
an Idea of the general Cauſe of the Tides, Let 
us now conſider their Phænomena in particular 


Places. 


1. Tur Tides flow according to the lunar 
and not the ſolar Day, tho' the Action of the 
Sun on the whole Body of the Earth, be to that 
of the Moon as three hundred to one hundred 
ſixty- nine; the Quantity of his Matter before- 
mention'd, morethan compenſating for the Great- 
neſs of his Diſtance. In conſidering of this Affair, 
however, we are to diſtinguiſh between the ab- 
ſolute and relative Attraction of theſe two Lu- 
minaries. Abſolute Attraction is that which 
acts upon all Parts of the Body with a Force 
nearly equal; but relative Attraction is that 
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which is exerted upon ſome Parts of a Body 


more intenſely than others. Hence 'twill appear, 
that the Tides muſt be the Conſequence of a 
relative or partial Attraction; and the relative 
Attraction of the Moon being greater than that 
of the Sun in particular Places, thence it is that 
the Tides will generally follow the Moon, and 
not the Sun, as by Experience we ſee they do. 
Now the relative Attraction of the Moon exceeds 
that of the Sun, becauſe a Semidiameter of 
the Earth bears a very ſenſible Proportion to 
the Diſtance of the Moon, it being about one 
ſixtieth Part thereof; but a much leſs to that of 
the Sun, of which it is ſcarce the twenty thou- 
ſand two hundred and fiftieth Part. 


2. THE Tides happening about fifty Mi- 
nutes later each Day, is the Conſequence of 
their following the lunar Day. Thus, if 'tis 
High-water to Day at twelve o'Clock, it will 
be High-water to-morrow at twelve Hours fifty 
Minutes, that is, twenty-four Hours fifty Mi- 
nutes after Twelve to day. The lunar Day is 
ſo much longer than the ſolar ; becauſe while 
the Earth turns from Weſt to Eaſt, toward and 
from the Sun, in twenty-four Hours (at the 
fame time getting forward, at a certain Rate, 
in her own Orbit) the Moon alſo proceeds 
from Weſt to Eaſt, one twenty-ſeventh Part 
of her Orbit, in ſome meaſure keeping Pace, 
tho' not an equal Pace, with the Earth. 


3. Tux Tides being greateſt, ceteris pari- 
zus, when theſe Luminaries are in Perigeo, or 
| at 
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y at their leaſt Diſtances from the Earth, is con- 
- ſonant to the Laws of Gravitation, which, as 
has been ſaid, are more or leſs powerfully ex- 
erted, v/Z. in Proportion to the Squares of the 
Diſtances of the Bodies under Conſideration re- 
ciprocally. 


4. Tur Tides are, ceteris paribus, greateſt 
when the Sun and Moon are either in Con- 
junction at the New Moon, or in Oppoſition 
at the Full. In the firſt Caſe, the Moon is 
one Semidiameter of her Orbit nearer the Sun 
than is the Earth; in the ſecond, ſhe is a Se- 
midiameter of her Orbit more diſtant than the 
Farth from the Sun. In either of theſe Caſes, 
the Actions of both Luminaries will concur to 
raiſe the Tides. In Conjunction they both con- 
ſpire to elevate the Waters in the Zenith, and 
by conſequence, at the ſame time, in the Na- 
dir: In Oppoſition, while one makes High- 
water in the Zenith and Nadir, the other en- 
deavours to do the ſame in the Nadir and 
Zenith, as already explained : And this is the 
natural Cauſe of the Spring-tides produced at 
thoſe Times. In the Quadrature or Quarters, 
the Actions of the Sun and Moon interfere, and 
in part obſtruct each other; viz. the Water 
raiſed by the Sun is depreſſed by the Moon, and | 
the contrary : Hence it is, that the Tides are | 
leſs at thoſe Times, and are diſtinguiſhed by the 
Denomination of Neap-tides. 11 


— 


5. Ix Places not under the Equator, the 
Tides are not equal, but are alternately greater | 
= and | 
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and leſs. The Reaſon of which will be bet- 
ter underſtood by regarding Fig. 19. Plate . 
Let APEP be the Body of the Earth co- 
vered with deep Water, C the Centre, P P 
the Poles, E A the Equator, F/, D d, Paral- 
lels of Latitude, H þ the Axis of the watery 
Spheroid, L the Moon's Place, K & the Circle 
wherein the Moon then appears horizontal to one 
riſing to the other ſetting ; the Lines B F, BD, 
B f, Bd, ſhall denote the Height of the Sea at 
the Places F /, D d, in each of which it is 
High-water, but higheſt at F, becauſe the Moon 
is neareſt its Zenith; and ſo at D, becauſe that 
is the Antipodes of F, or the Point diametrically 
oppoſite, conſidering the daily Rotation of the 
Earth is upon the Axis PP; by which Means 
too the Point F will in twelve Hours Time be 
transferred to f, and the Point D to d; now 
whereas the Lines B , B d, are evidently 
ſhorter than the Lines BF, BD (that is, the 
Water is lower in thoſe Places) it follows, that 
the Points F and d, muſt, in the Space of 
twelve Hours, paſs thro' low and high Water 
alternately, whilſt the equatorial Parts 4 and 
E paſs thro' Tides equally elevated, ſince C A 
and CE always continue equal. 


6. Tux Tides, ceteris paribus, are obſerved 
to be greater when the Luminaries are in or 
near the Equator, than when at their greateſt 
Declination from it. This ariſes from the two 
oppoſite Protuberances, which at that Time 
are in the Equator, and which of conſequence 


deſcribe there the greateſt Circle of the Earth; 
whence 
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whence by the diurnal Rotation, they will move 
ſwifter, deſcribing the greateſt Circle of the 
Earth, in the ſame Time that they uſed to de- 
ſcribe: the leſſer ones, parallel to it; and con- 
ſequently, being thrown upon the Shores with 
greater Force, they riſe higher there. For it is 
plain, that if the Moon were fixed in the Pole, 
that the watery Spheroid would tend thither, 
producing always high Water there, and low 
Water every where under the Equinoctial; and 
therefore the nearer the Moon approaches the 
Poles, the leſs is the circumvolutary Agitation 
of the Ocean in particular Latitudes, which of 
conſequence muſt be the greateſt when ſhe is in 
the Equinoctial, or the fartheſt removed from 
the Poles. 


7. Tur Time of high Water happens not 
preciſely at the Time of the Moon's Appulſe 
to the Meridian; but about three Hours after- 
wards, or when ſhe is toward South-weſt. This 
is, becauſe the Moon acts with ſome Force, after 
ſhe is paſt the Meridian, thereby adding to 
that Libration, which ſhe had put the Waters 
into, during her coming to, and whilſt ſhe was 
in the Meridian : Not unlike the Time of the 
greateſt Heat in Summer happening about two 
or three Hours after Noon ; or juſt as a ſmaller 
Force apply'd to a rifing Ball, will raiſe it ſtill 
conſiderably higher. 


8. Tur Tides are obſerved to ſucceed each 


other quicker in the Tranſits or Paſſing of the 
Luminaries from their Conjunction and Op- 
Bb poſition, 


370 The Motion of Flutps, 


poſition, commonly called their Syzygies to 
their Quadratures, than from the Quadratures 
to the Syzygies. In the latter Caſe, the Tides 
grow continually larger, and the larger the 
are, the longer they are in riſing and falling; 
as the more Length a Pendulum has, the longer 
it is in making its Vibrations: and of conſequence 
they ought to ſucceed quicker in the Tranſit 
from the Syzygies to the Quadratures ; becauſe, 
by a Parity of Reaſon, they then grow leſs and 
leſs. 


9. Tux Tides often fall out greater in Febru- 
ary and October, than at other Times. The Rea- 
ſon of this, not happening preciſely at the two 

uinoxes, as they ought to do, but ſome- 
thing before the vernal, and after the autum- 
nal Equinox, is, becauſe the Sun (as the Pla- 
nets move round him in elliptic Orbits) is near- 
eſt the Earth in the Winter Months (for the 
Earth's Motion is then certainly ſwifteſt, as 
appears by the Winter's being always eight 
Days ſhorter than the Summer) conſequently 
the Sun comes then to have a greater Intluence 
in producing the Tides, than uſual, and cauſes 
the Alterations ſpoken of. But it does not hap- 
pen every Year ſo; becauſe ſome Variations 
may ariſe from the Declination or Situation of 
the Moon's Orbit at that Time, and the Diſ- 
tance of the Syzygies from the Equinox. 


10. The Morning and Evening Tides are re- 
marked to be often different in Height. This 
is owing to the Moon's being nearer or more 


diſtant 
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diſtant from the Zenith or the Nadir. While 
the Sun is in the northern Signs, the greater of 
the two diurnal Tides, in our Climates, is that 
ariſing from the Moon's being above the Ho- 
rizon; when the Sun is in the ſouthern Signs, 
the greater is that ariſing from the Moon's be- 
ing below the Horizon; that is, according as 
their Influences act together, or oppoſe each 
other. 


Axp ſuch probably would the Tides regu- 
larly be, if the whole Earth were covered with 
Water, very deep: But by reaſon of the Shoal- 
neſs of ſome Places, and the Narrowneſs of 
the Streights in others, thro' which the Tides 
are to paſs, there ariſes great Diverſity in the 
Effects, which are not to be accounted for 
without a perfect Knowledge of all the Cir- 
cumſtances of the Situation of the Land, the 
Breadth and Depth of the Channels, &c. For 
a ſlow and almoſt imperceptible Motion of 
the whole Body of Water, where, for Exam- 
ple, it is two Miles deep, might ſuffice to raiſe 
its Surface ten or twelve Feet in a Tide's time 
very well ; whereas, was the ſame Quantity of 
Water to be conveyed thro' a Channel but 
torty Fathom deep, it would run like a Sluice 
to effect it, as it does in the narrow Parts of the 
Britiſb Channel on ſome Occaſions. This alſo 
may be one Reaſon why high Water in many 
Places happens not nearer the Time of the 
Moon's being in the Meridian. 


Ir may here be remarked, that the Motions 
hitherto mentioned muſt be ſomewhat altered 
Bb 2 by 
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by the Libration of the Water, which, in form- 
ing the Tides, acts ſomething like the Vibra- 
tions of a Pendulum, whereby the Flux and 
Reflux of the Sea would for ſome time con- 
tinue, tho' the Luminaries ſhould be at once 
annihilated, and their Actions intirely ceaſe : 
This Conſervation of the impreſſed Motion di- 
miniſhes the Differences that would otherwiſe 
be between two conſequent Tides ; and is the 
Reaſon why the higheſt Spring-tides are not 
preciſely on the new and full Moons, or the 
Neap-tides on the Quarters, but generally about 
the third Tide after them, and ſometimes later. 


To anſwer all the Phænomena of the Flux 
and Reflux of the Water in particular Places, 
would be endleſs ; but all things duly conſider- 
ed, they are fully ſoluble by the Doctrines and 
Theory before laid down. As the moſt nota- 
ble Inſtance of this kind, let us take notice of 
the Tide that comes into the Port of Tunquin 
in China. Here it ebbs and flows but once in 
twenty-four Hours ; and twice in every Month, 
that is, When the Moon is near the Equinoc- 


tial, there is no Tide at all, but the Water 1s 


entirely ſtagnant : With the Moon's Declina- 
tion, however, there begins a Tide, which is 
always greateſt when ſhe is in the tropical 
Signs ; with this Difference only, that when 
ſhe is northward of the Equator, it flows 
when ſhe is above the Horizon, and ebbs when 
ſhe is below it, ſo as to make high Water at 
Moon-ſetting, and low Water at Moon: riſing: 
Whereas, on the contrary, the Moon's being to 
the ſouthward of the Line, makes it high Water 
** x L at 
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at her Riſing, and low Water at her Setting ; 


and it ebbs all the time ſhe is above the Horizon. 


THe Cauſe of this odd Appearance is pro- 
poſed by Sir Isaac N EWTON, in his Princi- 
pia, as ariſing from the Concurrence of two 
Tides ; the one propagated in ſix Hours, out 
of the great South- Sea, along the Coaſt of China; 
the other out of the Indian Sea, from between 
the Iſlands, in twelve Hours, along the Coaſt 
of Malacca and Camboya. One of theſe Tides 
being produced in North Latitude is, as has 
been ſaid, greater when the Moon, being to the 
North of the Equator, is above the Earth, and 
leſs when ſhe is beneath it. The other of them, 
promoted from the Indian Ocean, being raiſed 
in South Latitude, is greater when the Moon, 
declining to the South, is above the Earth, and 
leſs when ſhe is under it. So that of theſe 
Tides, alternately greater and leſs, there comes 
always ſucceſſively two of the greater, and two 
of the leſs every Day: and the high Water falls 
always between the Arrival of the two greater 
Floods, and the low Water between the Arrival 
of the two leſſer. The Moon coming to the 
Equinoctial, makes the alternate Floods equal, 
the Tides then ceaſe, and the Water ſeems to 
ſtagnate: But ſhe being paſſed the Equator, thoſe 
Floods, which in the former Order were the 
leaſt, now become the greateſt; the Times of 
high and low Water are then inverted, and the 
whole Appearance of theſe ſtrange Tides is na- 
turally and with Eaſe to be ſolved from the 
Theory thus laid down. 

Bb 3 THE 
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Tur Seas nearly environed with Land, ſuch 
as the Mediterranean, Red-Sea and Ballick, 
have no apparent Tides ; becauſe the Streights 
whereby they communicate with the Ocean, 
are Inlets ſo ſmall, and the Seas themſelves ſuch 
large Bodies of Water, that Water ſufficient 
cannot, in the Compaſs of a few Hours, be 
received into, or ſent out of them, to cauſe 
their Waters to riſe or fink conſiderably on fo 
large a Surface, 


Tun Caſpian Sea is no more than a very 
large Lake, having no Communication with 
the Ocean at all. This, as well as all other 
Lakes, is too ſmall to be ſenſibly affected by 
the Attraction of the Moon, even where ſhe 1s 
vertical: For ſhe needs muſt attract all Parts of 
theſe Waters alike, rendering them in every 
Place equally light; ſo that no Part of them 
can be raiſed perceptibly higher than another, 
Or, in other Words, they are generally ſo ſmall, 
as not to be capable of any relative Attraction 
from the Moon, | 


Ir may here be remarked, that the Swell of 

the ſuperior Air, or thoſe aerial Tides before 
hinted at, probably occaſioned by the Moons 
AttraQion when ſhe happens to be vertical, or 
even near the Meridian of any Place, as well 
as are conſtantly thoſe of the Waters, where no 
evident Cauſe of Obſtruction appears, is not 
however obſerved to produce any perceivable 
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Mercury : Whereas it might be expected, that 
from the Acceſſion of new Matter on thoſe Oc- 
caſions, the Gravity of the Air might by that 
curious Machine appear to be increaſed ; which, 
was not the Air's Gravity, thus augmented 
adequately till, and in a juſt Proportion dimi- 
niſhed by the Power of the Attraction before- 
faid, muſt unvoidably happen. 


AnD for the ſame Reaſon neither is there 
ever any Variation on the Weather-glaſs obſerv'd, 
when the Moon is in or near the Horizon of 
thoſe Places: Since the Gravity in one Caſe will 
reaſonably be admitted conſtantly to counterba- 
lance the Attraction ſpoken of in the other, 
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GLOSSARY; 
OR, A 


Short ExpLANATION of ſuch uncom- 


mon Words as could not without Affectation 
be omitted in this Treatiſe, 


A 


Baomen, the lower Belly. 
We 4b/orb, to drink in; to ſwallow. 

Acid, ſour ;' Matter fermenting with an A/kah. 
= Accelerated, haſtened, or hurried forward. 
BS dccumulate, to heap up. 

Acouſtic, ſee Auditory. 
Adequate, equal thereto. 
Adbefion, the ſticking of Parts together. 
iber, an imaginary Fluid, fine and ſubtle. 
Aliments, Food to nouriſh. 
Alkali, fixed Salt of Subſtances fermenting with Acids. 
Alternate, firſt this, then that ; by turns. 
Ambient, ſurrounding, 
Analogy, Proportion, Compariſon. 
Analogous, — Proportion, &c. 
Aorta, the grea®Artery leading from the Heart. 
Apex, the Point or Summit of a Cone or Pyramid. 
Apparatus, Inſtraments for Operation or Experiment. 
x, Supplement; ſomething added. 
42 the Arrival of a Planet at a certain Point. 
ticulate, to joint; or under diſtinct. 
A —_ * make _ 5 
tmoſphere, the Flui of Air, &c. ſurrounding the Earth, 
L about ſixty Miles high. G 
Attenuate, to thin, or make a thing weaker. 
Altra@ion, a drawing towards; producing a Tendency. 


Aura, 
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A GLOSSARY. 


Aura, a finer kind of Air. 

Auditory, belonging to Hearing. 
Auricular, belonging to, or received by the Ear, 
Axis, an Axle on which any thing turns. 


Bronchia, the Branchings of the Wind-pipe continued throughout 
the Lungs. 
C 


Capillary, ſmall as an Hair. 
Cæteris paribus, in other Circumſtances the ſame. 2 
Centrifugal, a Direction given a Body different from that inclining 
to the Centre. 
Cn tending toward the Centre. 
Chalybiate, belonging to Iron and Steel. 
Chaſm, a Gap, or Opening in the Earth, 
Chimera, a groundleſs Fancy. 
Cireulate, to come round. 
Circumvolutary, revolving. 
FT wa to grow together, — unite. 
befion, a clinging, or ſticking together. 
Cel 1 in Lie by ſide. i 
Collifion, a Striking, or Daſhing againſt. 
Compages, a Collection. 
Complanation, a F —_— 
Compreſs, to ſqueeze cloſe together. 
COIN ſpherically hollow. | 
Concurrent, uniting, to the ſame Purpoſe. 
Condenſe, to bring the Parts of Matter cloſer together. 
Cone, a round Pyramid, or Spire. 
Congeries, a Heap. 
Conn-4, to knit together, or join. 
Conſiſtent, fixed, 1. e. not fluid. 
Conſonant, correſpondent to. 
Contact, a touching each other. 
Contiguous, Parts which touch. 
Cantort, twiſt ; wind about. 
Contorted, twiſted round. 
Convex, protuberant ; ſwelling ſpherically outwards. 
—_— an involuntary Motion of the Muſcles ; a Twitching. 
Corro orate, to ſtrengthen or confirm. 
Cerrugation, a Contractio by wrinkling up. 
Criterion, a Mark to judge by. 
Cylinder, a ſolid Body, in Form of a Rolling-ſtone. 
Cylindric, reſembling this in Figure. 


D 


Denſity, Compactneſs; Cloſeneſs of Parts. 
Duterfive, fit to cleanſe or ſcower. 


A GLOSSARY. 


Diaphanous, tranſparent. 

Diaphragm, the Midriff, dividing the Trunk of the Body into 
two Cavities, the Thorax the Abdomen. 

Diafiole, the Dilatation of the Heart. 

Digeſtion, the Converſion of the Aliments into Fluids. 


E 


Ebullition, a Bubbling, like boil ing Water. 

Efflux, the flowing forth of a Fluid. 

Elaſtic, having a Spring. 

Efferve/cence, a waxing hot. 

Elaſticity, endowed with the Property of a Spring. 

Ellip/is, an oval Line or Surface. 

Elliptical, oval, or like an Egg. 

3 Ducts, very ſmall Canals for ſeparating the animal 
uices. 

Expanſ/e, Space extended. 

Expiration, breathing forth. 

Extravaſated, being out of the proper Veſſels. 


F 


Fibre, a ſmall String. 
Fibril, one ſmaller Rn, 

Filament, a (mall Thread. 

Flaccid, lax, looſe or flabby. 

Fluid, eafily flowing or ſeparable. 

Flux, the Act of flowing. 

Foils, things ſolid, dug out of the Earth. 
Fulcrum, a Prop or Point of Support. 
Fulminate, take Fire as Lightning. 
Fuliginous, footy, or reſembling Soot. 
Frigorific, chill, or cauſing Cold. 


G 


Gland, a Bundle of connected Fibres to ſtrain the Fluids, and 
ſeparate finer Parts from them. 

Gravity, Weight ; the Tendency one Body has to another. 

Groove, a Channel cut in a ſolid Body. 

Gyration, a whirling round. | 


H 


Hemiſphere, half a Globe, 

Hermetically ſea d, Tube cloſed with melted Glaſs, 
Hexangular, fix angled or ſided. 

Herizen, the Limit of the Sight at Sea or on a Plane. 
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A GLOSSARY. 


Hypotheſis, a Suppoſition. 

Hypothetical, ſu poſitious. 

Hydroftatichs, Dorine and Laws of the groſſer Fluids, as Wa- 
ter, c. 


Hydraulick, for the Purpoſe of raiſing Water. 


I 


Ignition, a taking Fire, 

Immerſe, to dip or plunge into. 

Inpel, to drive onwards, 

Impinge, to ſtrike upon, or againſt. 

Incompreſſible, not to be reduced into leſs Compass. 
Incidence, a falling, or lighting on. 

Incumbent, lying upon. 

Indefinite, undetermined, unlimited. 

Irgenite, inborn, or produced with. 

Inſertion, a grafting in, or joining. 

Inſpiration, the drawing in the Breath. 

Inſpiſate, to thicken or render viſcid. 

Intercoftal, between the Ribs. 

Interflice, Interval, or intermediate Space. 

Izverſe, when the Antecedents are turned into Conſequents. 


L 


Ladteali, ſmall Dufts in Animals, conveying a milky kind of 
Liquor. 

Lake licking ; unſteady. 

Lateral, dewile 

Libration, a balancing Motion. 

Lobe, the Diviſion of the Lungs and Liver. 

Longitudinal, length-wiſe. 


L;mphatic, conducting Lymph or watery Humours in the Body, 
M 
Meatus auditerius, the Paſſage into the Ear. 


Medium, a Means of Conveyance. 

Membrana Tympani, the Membrane covering the Drum of the Lat, 

Microſcope, Glaſſes for examining minute Bodies. | 

Miniature, contracted; drawn in little. 

Moment, Force or Degree of Motion in any Body, ; 

Monſoon, a C , or Variation in the Direction of the Trade- 
winds ſettled between the Tropicks, 

Morbid, fickly ; diſeaſed, | 

Macus, ſlimy Matter, 
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AGLOSSARY. 


| N N 

Nadir, the Point juſt beneath us, on the oppoſite Part of the 
Globe. * 

Nerve, a Bundle of Fibres, ariſing from the Brain, whither it 
conveys Perception from every Part of the Body, and volun- 
tary Motion back to particular Parts. 

Nutrition, the Nouriſhment of an Animal. 


O 
Origin, Source, Riſe or Beginning. 
Ova, Eggs. 

P 


Pereolated, ſtrain'd thro' an incompact Body. 

Pereuſſion, ſtriking, or the Effects of a Stroke. 

Perennial, conſtant ; the Year about. 

Perforate to bore through, or pierce. 

Pericardium, the Heart-bag. 

Phenomenon, an Ap nce in Nature, 

Piſſon, a moveable Plug juſt fitting a Pipe. 

Pleura, the Membrane lining the Cheſt. 

3 the Doctrine and Laws of the ſubtile Fluid the 
ir. 

Polygon, a Figure containing more — than four. 

Pores, ſmall Paſſages in the Scarf-ſkin for the Sweat, c. 

Preponderate, to deſcend, being heavier. 

Proje&ile, a Body in a Motion, caſt or thrown. 

Protrude, thruſt away. 

Protuberance, a ſwelling out. 


Q 
Duadratures, the quartering Points of an Orbit. 
R 


Rarefy, to thin, to lower, or weaken denſe Matter, 
Reflexion, a bending back, or returning a Body. 
Reflex, reflected. 

Reflux, the Return, or flowing back of a Fluid. 
Reciprocal, mutual, or relative. 

Refradt, to bend or break, 

Relaxed, leſs extended, looſened. 

Reſerweir, a Ciſtern or Head for a Reſerve of Water. 
Refilition, a Leaping back. 

« Reverberate, to back; or reflect. 


Rigidity, 
4 
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A GLOSSARY, 


Rigidity, Inflexibility. 
Rotation, a turning about ; like a Wheel on an Axle. 


S 


$alubrity, Wholeſomeneſs. 

daga, the making Blood by Digeſtion, Qc. 

Secern, Secrete, to ſeparate. | 

Similunar, like a Half. moon. 

Senſorium, the Seat of Perception in the Brain. 

Serofity, Serum, the wheyiſh Part of the Blood. 

Similarity, a Likeneſs. 

Species, Sort or Kind, 

dyberule, a very ſmall Sphere. 

Specifick, peculiar, or appropriate, 

Spicula, little Spikes. 

Spiral, like a Rope coil'd round. 

S$piſitude, Thickneſs, Viſcidity. 

Sternum, the Breaſt-bone. 

Stimulate, to provoke or incite. 

Subterraneous, Within the Earth. 

Sufion, the Faculty of Sucking. 

Syphon, a bent Tube or Crane. 

Sytem, Compoſition, general Structure. 

Sy/tole, the Contraction of the Heart. 

$yz1gies, the Oppoſition and Conjunction of a Planet with reſpect 
to the Sun and Earth. 


14 


Tangent, a ſtreight Line, drawn from the Circumference of a 
Circle, touching it but in one Point. 

Tautological, of the ſame Tenor or Sound. 

Teguments, Coverings, as in the Body, Skin and Fat. 

Tenacity, the clinging of the Parts of Fluids together. 

Tendon, the Extremity of a Muſcle. 

Tenſity, an Out ſtretching. 

Th:rax, the Cheſt or Breaſt. 

Tranſit, a paſſing of a Planet croſs another in Courſe. 

Tranſverſe, crols wile. b 

Trepicks, imaginary parallel Lines to the Equator, at the Diſtance 
of 23 29 from it, being the Limits of the Declination of the 
Sun towards the North or South. f 

Tube, a Pipe. ; 

Turbid, troubled, muddy, foul. 

Turgd, ſwell'd. 

Tympanum, the Drum of the Ear. 


Vague, 


A GLOSSARY. 


U 
Fague, uncertain, wandering. 


Valves, membranous Subſtances, acting like Trap-doors to pre. 


vent the Return of the Fluids. 
Fapid, dead, taſteleſs. 
Vena cava, the large Vein conveying the Blood back to the Heart, 
Ventricle, a ſmall Cavity. 
Vermicular, Worm like. 
Vertebræ, the Chain of Bones, twenty-four in Number, reaching 
down the Back from the Head. 
Fertex, the Top of any thing pointed. 
Vibrate, to ſwing as a Pendulum; to come and go as a Spring. 
Viſcid, Viſcous, clammy, coheſive, as Bird-lime, | 
 Undulating, a wavy Motion. 
Volatile, Tabje to evaporate or fly away. 


Z 


Zenith, the Point above us in the Heavens; or with reſpe& to the 
Centre of a Sphere, any Point on the Surface. 
Zone, a Portion of a Sphere ſurrounding it like a Gridle, 
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Pointing out in what Page of this Treatiſe the 
following Particulars may be found. 


A 
ge Cceleration of falling Bodies, by Gravity one 
JAY age 
ENG of a deſcending Fluid promoted by the 
; Aa 5 . Length of the dicular Pipe 88 
Acids ferment with Alkalies 274 
—— the manner in which they affect the Tongue 272 
Action of Gravity on falling Bodies deſcribed 90--93 
Adjutages, Marriote Proportion of the Size of their Bores 112 
the Manner of borirg them 114 
tna, the Cauſe of its Conflagration, with other Volcano's 282 
Air, what 147 
— its Properties, Mobility, Weight, Spring ibid. 
— gravitates even in Air 12 
— is Gravity diſcovered by Galilæo 149 
che Quantity of its Preſſure aſcertained by Toricell;us 150 
— reſiſts Bodies moving therein 104, 109, 149 
—— its Elaſticity demonſtrated 215—224 
—— its Elaſticity in Proportion to its Denſity 217 
— its Elaſticity equal to its Preſſure 220 
— i compreſſed near the Surface of the Earth 160, 218, 21 
—— is condenſed by Winds 2 
— its Particles bear _ each other 217 
—— its Preſſure on Fluids demonſtrated by their Riſe 47 
— its Preſſure and Elaſticity _ 220 
w— of the common ree of Denſi 


! All dilate in Air attenu- 


ated, and by its Spring play a Jer of Water 47, 219 
=— being condenſed, will have the ſame Effect in Air of the 


common Denſity 219 

—— condenſed, aggravates ; attenuated, diminiſhes Sounds 327 
a a {mall Quantity of it will dilate very much 216, 219 
other Effects of its Preſſure deſcribed 47, 173, 176, 187 
— ObjeCtions to its Preſſure anſwered 1 70 
r, 


4 


\ 


. 
Air, the determinate Quantity of its Preſſure proved Page 171, 172 


— is Spring equal to the Preſſure | 220 
— — its Preflure would be inſufferable by us, were it not counter- 
balanced by Air within the Body 174 
— the Effects it produces on animal and other Bodies 187 
— is Preſſure at different Diſtances from the Earth 161 
—— its proportionable Gravity to that of Water 35, 175 
— is alternate Contraction and Expanſion under different De- 
of Preſſure 220 
— has no Tenacity 109 
—— Cannot have its Parts brought to Contact by any Force | 
Whatever 148, 216 N 
—— will ſuſtain Quantities of Fluids in certain Caſes 75=77 | 
—— contains a Quantity of Water 240 
——- will be alſo imbibed by Water ibid, 7 
—— is attenuated by the Air- pump, and a great Part of it there- R 
by exhauſted | 156 
— i generated by Nitre in Plenty 289 - 
—— by Gunpowder fired 296 
vitiated by breathing ir 180 — 
—— its Circulation thro Rooms, when warm, how promoted 247 4 
——— diſturbed, its Effects on Chimneys 247—250 — 


—=— within Doors of the ſame Force with that without 242 
—— its alternate Contraction and Expanſion Cauſe of the Winds 244 At 


——— its Salubrity and Unwholeſomeneſs whence 277 
i included in Eggs for Production of the Young 222 — 
——— is contained in Fruits to bring them to Maturity 226 — 
i the Blood and Humours of the Body 225 — 
— is copious in Liquors that have undergone any Degree of 

; Fermentation 228 Au 


— exhauſted from them, render them taſteleſs and vapid bia. Au 

——— is contained in Water cold, but has the Spring thereof W 4 
greatly heightened by Heat ibid. 

— is. no Medium for the Conveyance of Heat or Cold ibid. 

—— the whole Maſs of it attends the EN and revolves ſteadily 


--- withjt | 147 
Air-holes in Chimneys their Diſpoſition and Uſe 251 * 
Air-pipe, its Uſe in the quiet decanting of Liquors 79 
Air- pump. its Structure and Uſe 154—158 * 
: by whom attempted firſt, and reduced to Practice 154 Baro 
Air-veſſel, in Fiſh, the Uſe tis of to them 221 | — 
- in Hydraulic Engines, its Uſe and Deſcription 64, 63, FF 
Alkaline Bodies ferment with Acids 27; | — 
de Manner in which they affect the Taſte - 272 — 
Alps, Variety of Weather on them 17 Pp 


——— exhibit all the Seaſons in the Compaſs of a few Miles #1: 
Altitude of Places may be meaſured by the Time a heavy Body I 
is deſcending | Ze 


Ani- 
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Animals require Supplies of freſh Air for- their Exiſtence Page 180 t 


the Effect the Atmoſphere's Alterations has on them 188 | 
naturally float in Water 119 | 
Animal Suction conſidered 214 
. fatal, whence 191 
Antigugler, its Uſe in the quiet decanting of Liquors 79 
Antimuſick, what 335 | 
Archimede:'s Method of finding the Specifick Gravity of Me- | 


tals 130 
Arifßtocli's miſtaken Notion of the Gravity of the Elements — 
Arteries in general, their Structure and Uſe 205 
| Artificial Congelation 320 | 
| — Lighening 290 1 
) Atmoſphere, what 147 | 
4 ——- {ſurrounds and attends the Globe of the Earth ibid, \ 
1 — the Weight or Preſſure of it in foul and fair Wea- | 
ther I;2 
, the Effects of its Preſſure and Abatement on Animal 
and other Bodies 187—4 
0 its Extent or Altitude, not certainly to be diſcovered 160 
7 — the Magazine of ſubtle Bodies that aſcend 271 
0 TS its Weight proved at different Altitudes from the 
2 Y rth : | 161 
4 Attraction and Repulſion of polar Parts in Bodies one prob; 
7 Cauſe of Fermentation | A 
12 ——abſolute, what 305 
26 — relat ve, What | iid. 
5 acts according to the Squares of the Diſtances reci- 
0 procally 358, 362 
28 Audifories, how beſt conſtrued 372 
id. Auricular Tube deſcribed, with its Uſe 348 
eof Aurora Borealis, what 290 
id. 
ud. 
lily D 
4 WY Balance hydroſtatical, the Principles of its Performan&® demon- 
* ſtrated | of ha, be 
173 its Apparatus and Uſe ha. 
180 Barometer ſimple, its Conſtruction and Uſe, 151, 158, 163, 167 
invented by whom 159 
6 ——narine deſcribed, with its Uſe \ 233—237 
* A pendent deſcribed, with its Exceller cy. and Ute 165 
— portable, its Structure and L ſe 163 
- its Uſe in foreſbewing the Weather 167 
3. 1 bell, how acted on by a Stroke ; PL? 7 | 332 
Body why it d ffers in Tone, being ſtruck in different Parts 14. 
2 in vacuo has no Sound 327 
9 Cc Belly 


Belly of a Harpſicord, its Advantage and Uſe Page 334 


Blood, its Circulation deſcribed 179, 200—208 
— the Difference of Colour between the venal and arterial 288 
Bodies, the Effect the Atmoſphere has on them 187—192 
——— jnflammable, to be dried by Steam 70 
— — their "_—_ Gravity compared 137—140 
—— {olid, how to diſcover their Specifick Gravities 127, 
I 37—140 
—— fluid, how to find their Specifick Gravities 128, = 4 
are only relativ«ly light or heavy 115 
bo to find their relative Weight to Water 135 
———— their Spec fick Gravities thence found ibid, 
immers'd in Fluids, compar'd with them Bulk for Bulk 
120, 129 
I than Water, how the ſpecifick Gravity may be | 
foun | 121 
— that will diſſolve in Water, to find their Specifick Gra- 
vi 144 
— irregular Forms, beſt meaſured by Immerſion in Wa. ( 
ter I 5 
heavier than Fluids, may be made to ſwim therein C 
—— — lighter than Fluids, may be kept at any Depth in them 20 0 
of equal Specifick Weight with a Fluid, keep any Place 0 
aſſigned therein 14 
porous, attract and imbibe Fluids 32, 239 wy 
are by Gravity accelerated in their Fall oo fl © 
m=—— in vacuo generally fall with the ſame Velocity 107 
— heavy, the Time of their Deſcent judged of by the = 
Height 94 ; 
—— impelled by two diſtin Forces, not directly oppor Jy 
move in the Diagonal of a Parallelogram, compounded of G 
Lines in Proportion to both 98 
cold in Proportion to their Denſities 281 Col 
. burnt or decaying, ſurrender their Fluids 313 | 
———- dilate by Heat, contract by Cold, generall 22 © 
tin bear Heat better than ſuch as are thi 231 _ 
ſound in Proportion to their Elaſticity 333 N 
Boiſterous Winds, their Cauſe 264 — 
Borelli, his Explication of muſcular Motion 193 —— 
Bores of Adjutages, Marriete's Proportions 112 . 
of Pipes of Conduct for Supply of Water 58, 11 117 92 
Brook, yielding a large Quantity of Water in Summer, lite **PP 
in Winter 43 
Breezes from the Sea and Land accounted for 256-300 
Bull's Eye, a gathering Cloud, whence 30% Defce 
f 
* p 


„ Ste RISEN 


11 © i © 


Bullet diſcharged by the Wind- 216 

Burning — whence 13 * 282 
— F 

Candle-bombs, their Structure and Performance 263 

Capillary Tubes attract and raiſe Fluids 32 


3 their Arguments againſt a Vacuum conſidered and re- 


_ Notion of a Fluid, Materia Subtilis Eq 


Cattle ſeen grazing from Greenwich, croſs the Water, at one time 


and not at another, accounted for 298 
Cauſes of Thunder, Lightning and Meteors 271—293 
— of Winds, when mot regular 253 
—— When irre 257 
Chain-pump, its Structure and Performance 71 
Charles IT. his Queſtion — — EP 129 
Chimneys, their pro tructure ituation 244—250 

when ry ny _ Cure * bed. 
Chords i in Muſick, w 334 
Chyle, in Di eſtion, -- MM 209 
Circulation of the Blood 200—208 
in what Time 179 
of the Fluids —— that of the Blood 205 
of Air warmed Rooms, how promoted 247 
of Humidity, in —— feeds the Springs 315 
of Vapours experimentally accounted for 296 
Clouds form'd from Vapours 296-314 


— — their Formation ; propoſed by Experiment 306 


——— their Reſolution into Rain 307 
Conflagration of tua in Sicily, and Veſuvius in Naples, whence 


282 

Cold contracts all Bodies 229 
— —— hinders muſcular Motion 197 
not communicated to Bodies by Means of the Air 229 
Courſe of the Winds explained 265 
Corruſcations in the Air, whence 289 
Cotton's Account of Tyde's-Well in Derbyſb ire 42 

Crane, wide Syphon 
Cieſebes, Inventor of the Pump 49 
Cupping, the beſt Manner 225 

D 

Deſcent of heavy Bodies, the Space known by the Time of 
falling 93 
Diaphragm, its Situation and Office 211 
= — i 
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5 8,98 K 
Direction of a moving Fluid, diſadvantageous, when changed 


Page 87 
Diſtifling mentioned 293, 304 
Diſtilled Liquors hurtful to Health 124 
Diving, the Art explained 195—187 
Bell, its Structure, Implements and Uſe 177 
Divers, their Habit and Defence 183, 186 
Drinking-glaſs may be broke by a fitting Sound 338 
Double Funnel, its Structure and Performance 78 
E 
Earth, the periodical Time of its Circuit round the Sun 59 
——— attracts the Moon | ibid. 
is attracted both by Sun and Moon ibid. 
— ä — whence 282 
Eaſt Wind perpetual between the Tropicks 253 
Ebullition in Fermentation, whence - il 
Echo, its Cauſe and Effects deſcribed 353—357 
Effects of the Air deſcribed 47, 170, 173, 187, 191 
Effluvia from all kinds of Bodies riſe into the Atmoſphere 
271, 279 
Elaſticity of the Air proved / 21 5—224 
of the Air always equal to its Preſſure 219 
of Bodies renders them ſonorous 330 
Elements, the Opinion of the Antients concerning them 115 
Eminences of Uſe to collect Matter in forming a Cloud 307 
Engine, for extinguiſhing Fire 61—65 
for raiſing Water by a multiplying Wheel, its Parts and 
- - Performance 2—7 
Engines of any kind are no more than a convenient Way and 
Means, not any Help in doing the Work propoſed 54 
Eolipile, the Experiment thereon 263 
Evaporation of Fluids from the Wind and Sun 297 
even in the Article of Freezing 321 
Expanſion of Air, vide — G 
Expence of Water thro' vertical Openings from a Head 82—84 
— thro* horizontal Openings in a Jet 112 
Expiration what, and how performed 211 
F 
Falling Bodies, the Influence of Gravity thereon 90—97 
— — the Spaces thro* which they deſcend proportion- 
able to the Square of the Times they are falling 8 
— the Time of their Deſcent computed 
Height of their Fall 
—— of all Weight and Shapes in vacue move equay 
fait 4 * 107, 155 
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1 
Feathers in vacuo and other light Bodies heavier than Lead Page 


144 
Fermentation occ2fioned by the Jarring and Diſagreement of 


Acids and Alkalies 274, 281 
owing alſo perhaps to the natural Attraction and Re- 
pulſion of the polar Parts of thoſe Bodies 274 
not well accounted for by preſent Principles 275 
Fire-Engines, their Structure, Performance and Ulſe 65—70 
Fiſh, the Uſe of their Air-veſſels 221 
Flame what, and how generated 293 
the Cauſe of its Aſcent 115, 248 
the Power of its Spring 294 
Flaſhings in the Air, whence N 289 
Flat Countries are frequently robb'd of their Rain by the Hills 
adjacent 318 
Florentine Experiment deſcribed 11 
Fluids, Sir 1/aac Newton's Definition thereof 2 
the C:rtefian Notion of them 8 
——— reſiſt according to their Denſity 6 
have no internal Motion of their own 7 
perfect and imperſect, what 8 
ot without Vacuities, tho' incompreſſible 3—5 
— conſtituted of Globules different in Magnitude 4 
——compoled of primary Solids 10 
their Principles demonſtrated 11—24 
= tai having their Parts equally preſſed, continue 

at Re Ws 
——  —the having their Parts unequally preſſed, produces 5 
therein 17—19 


press according to their perpendicular Heights, the upper 
Parts on the lower, without reſpect to the Quantity 21, 24, 81 
their Preſſure upward is equal to that they make down- 
ward 19 
they therefore, if not prevented, riſe to their own level 20 
their lateral Preſſure is equal to their perpendicular 15, 19 
9 


—— their Parts attract each other 


ee attracted by ſolid Bodies to certain Limits 9, 32 


the Quantity of their Flux in a Stream confined and in 
Pipes 81, 82 
have two kinds of Reſiſtance, that by Tenacity and In- 
activit | 104 
their Reſiſtance principally owing to the vit inertice, or 
Inactivity of Matter | * 108 
——moved by the Air's Preſſure as an Agent to that Purpoſe 
applied wy , 91:08. 44» 45» 47 
——aſcend. iz vacuo by the Attraction of Coheſion — 44 
—— — are ſuſtained in the Air to certain Limits, without .a 
Counter-preſſure from above l- 
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Fluids, projected, move nearly in the Direction 5 the Parabola 
98—10 
vr rather in a Curve of the — Kia * 
——their Direction being changed, cauſes Friction, and hin- 
ders the iſſuing Stream 2 
m— their Expence calculated à priori practicable 
—— their Denſity increaſed by any Degree of Cold *. 


that of Congelation 321 
in 2 State of Ice eva ibid. 
— — their Circulation in the Br Body how carried on 206 
che Velocity of their Deſcent, in Proportion to the 

Length of the Pipe thro* which they paſs 88 
————decanted by Syphons explained 35—38, 47 
—— decanted by the Antigugler or Air-pipe 79 
A —conſtantly decreaſin 311 
A regained by the Diſſolution of ſolid Bodies 312 
Flux of Fluids from Pipes and a Head 80—82 

trom a Veſfel computable à priori 89 

Forcing- pump, its Structure and Performance 60, 61 

Formation © Cloud: from collected Vapours 307 

of Vapour into Clouds 296—314 
Fountain at Command, its Structure and Performance 

— of Hero playing by the Force of Air condenſed Ki 

ater 

reſembling the Clephdra of the Antients, its . 

and Performance 114 
Fowling mentioned 294 
Friction in Water-works, its Diſadvantages 86—90, 110—114 
Freezing treated on 319—320 
Frog Experiment in muſcular Motion 196 
Fruit contains Air 226 
Fulminating Matter in the Air, what 279 

G 


Galileo, Diſcoverer of the Air's Preſſure 
Glaſs Images how made to riſe and fink in Water a Creed 


118, 220 

CEE anon Bike, the propereſt Time to buy and ſell 
1 

Gems the ſame — 

Gravity abſolute or poſitive, what 116 

————7clative or comparative, what ibid. 

. ————a&s on Bodies conſtantly and uniformly g1 

its Action on falling Bodies illuſtrated 90 —97 

——Specifick of Bodies, how found 121, 132—144 

of . — aſſigu d by Mr. Ward 142 
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Gunpowder, its Flame extremely elaſtick Page 17, 294 

fired iu vacuo, makes no Exploſion 295 
— generates Air in firing ibid. 

| H 

Hai! how produced 19 
———attends requently Thunder and Lightning Rid 
——increates in its Journey ibid, 
Halo, its Appearance accounted for 240, 296 
Hearing, the Form of the Places propereſt for it 352 
he effected by the Ear 324 

promoted by opening the Mouth 184 
Heart, its Structure, Situation, Action and Uſe 200—208 
Heat, not communicated by the Conveyance of the Air 229 
—  ——dilates all Bodies 229—234 
Heights of Reſervoirs, the Quantity of Water they yield $1— 


84, 110—114 
Hiero King of Sicily, the Mixture in his Crown diſcovered by 


Archimedes 130 
Hero's Fountain 223 
High-water not when the Moon's in the Meridian 369 
Hills, their Uſe to the Earth and Inhabitants 318 
Hurricanes moſt frequently in hot Climates 269 
ty what probable Cauſe produced 263 
Hydrometer or Water-poize 122 
Hydroſtaticks defined, their Uſe and Importance l 
Hydroſtatical Principles demonſtrated 11—24 

Paradox cleared up 24—31 

Balance, its Uſes explained 127—145 
Hygrometer, its Structure and U ſe 238 

1 

—— driven by Smoke, its Structure and Performance 245 
ce takes up more Room than an equal Weight of Water 321 
—— is lighter than Water before Congelation ibid. 
Jets d' Eau conſidered 2 109—115 
their Performance hindered by Friction and the Reſiſt- 

ance of the Air 111 
Jewels, the Seaſons when they are bought and fold to moſt Ad- 

vantage 145 
Iren Fatui, what and whence e 
Images of hollow Glaſs, how made to fink and riſe © Tn 

118, 220 
Inactivity of Matter, what 104 
Infant, how to judge, whether ſtilborn or not , 214 


Inſertion of a Muſcle, what _ 193 
| Cc 4 Inſpiration 
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Inſpiration or drawing Freath, how performed Page 210—214 


Irregu arity and Uncertainty of Winds, wheuce 257 
L 

Land-breezes, how accounted for 256, 306 
Lead and other ponderous Metals made to ſwim in Water 19 
Leak in a Ship, how practically diſcoverable 342 
Lifting-pump, its Structure and Performance 59 
Lightning, the natural Cauſe of it 271 
has in it a Mixture of nitrous ard ſulphureous Vapour, 289 
—— promoted by the ztherial Fire in the Atmoſphere, by electric 
xperiments diſcover'd 284 
when dangerous ibid. 
its Effects deſcribed ibid. 
Liquo:s are imperfect Fluids 31 
are decanted, free from Sediment, by the Antigugler or 

Air- pi 
the like 6 the Crane or Syphon 6 
ce Method of finding their ſpecifick Gravity 123, 

132—1 
Lungs, their Action in Reſpiration R 45 
M 

Machines, Power loſt, never gained in equal Times by them 54 
Manometer deſcribed, and its Uſe 146 
Marine Barometer, its Structure and Uſe 233,237 
Marriotte's Proportion of the Bores of Adjutages and Pipes of 
Conduct 112 
Matter originally homogeneous 10 
Meteors, their natural Cauſe 271, 290 
Metals adulterated, how to diſcover 138—141 
Midriff, its Situation and Office 211 
Moiſture, its Circulation, how carried on 311 
its Effects on porous Bodies 238 
in the Air diſcovered by the Hygrometer | 237 
Money counterfeit, how to be diſcovered 138 


Moon, her periodical Time of Revolution round the Earth 
ber Quantity of Matter compared to that of the Earth 16. 


as a conſiderable Influence on the Winds 257 
on the Lunaticks and Infirm 188 
—— the Difference of her Attraction at the Zenith, Meridian 
and Nadir of the Earth 361—363 
Motion of Projettiles is nearly the parabolic Curve demon- 
ſtrated 98—102 
— vor ſtrictly rather in one of the hyperbolic Kind 103 
of Winds generally in Waves | 265 


Mountains, their Heights meaſurable by the Barometer 161 


Mountains 
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Mountains burning, whence Page 282 
Mountainous Places well ſupplied with Rain 319 
Muſcle, what, and its Parts deſcribed 192 
Muicular Motion explained 192—200 
A how probably performed 19 
— accounted for by Borelli, &c. 19 
—— where involuntary 201 
Muſick, ſee Sounds 

affects the Paſſions, the Cauſe 339—342 

by Rr, how performed 334 
——— WR 344 

: N 

Nature's Abhorrence of a vacuum exploded | 48 
Natural Syphons, Inſtances given 40—43 
Neap-tides, what, and when they hap 367 
Nerves, the ſole probable Cauſe of muſcular Motion 19 
Nile, its Source and Inundation deſcribed 31 
Nutre generates Air in abundance 289 


in the Air one probable Cauſe of Hail, Snow and Froſt 319 
Notes in Mufick, ſee Chords 


Nutrition, whence 209 
O 

Objections to the Air's Preſſure anſwered 170 
—————-0 a Vacuum anſwered 5—8 
— to the Theory of riſing Vapours 299—303 
Obſtructions in Water-works, whence 86—90, 110—114 
to muſcular Motion whence 197 

Octave in Muſick, what 335 
Oil condenſed in Proportion to the Degree of Cold 'tis under 321 
Opinions concerning the Riſe of Springs rejected 316 
Organ, its Structure and Performance 329 
— of Hearing, at proper Diſtances, equally affected by the 
ſame Sound ibid. 
Origin of a Muſcle, what 193 

P 
, 

Parabola, all the Varieties, how to be deſcribed 102 
Paradox hydroftatic propoſed and ſolved 24—31 
dens 15th explained 180 
Paſſions affected by Muſick 339—342 
Pendent Barometer, its Structure and Uſe 165 
Perfe& Chords in Mufick, which 337 


Phænomena of Freezing counted for 320325 

of other Subjects, generally directed to in the Table 
of Contents before the Work | | 

Phoſphorus, an Experiment thereon 272 
OR Pipes 
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Pipes of Conduct, their Diſpoſition 


their Size 
— — Marriotte's Proportion of them for Je 
Piſtons of Pumps how leathered 


Piftols riffled barrel'd do moſt Execution 

Places beſt adapted to Hearing 

Plants, the _ of the Aſcent of Sap therein 

=——— increaſe by watering, and plentiful] ire 

Pneumaticks defined 4 a . 147 

Pond near Graveſend, ebbing and flowing contrary to the Tides 
accounted for 40 

Portable Barometer, its Strufture and Uſe | 163 


Preſſure of Air, ſee Air 
of Fluids, whether upward, downward, or laterally, 


are — to their ſeveral Heights 19 | 

inequality thereof the Cauſe of all Motion 153 

Principles bydroſtatical, ſee hydroſtatic Principles 

TO PEE Pen Ga to be performed nearly in the Pa- . 
8—102 

or rather in a Curve of the hyperbolic kind F 103 f 

Projection, the greateſt that can be made on things caſt or thrown 8 
102 

ies of Air, ſee Air - 

—— —— Of Fluids, ſee Fluids $; 


Power is loſt, never gained in equal Times by Machinery 54 


Powder, not all burnt in ordinary Fowling 294 & 

Pump-work, the Diſpoſition thereof 55 vs 

Pump, how to leather its Piſtons for Uſe 58 80 

tee Cauſe of the Aſcent of Water therein aſcertained * 

47-49 — 

— by whom and when invented 9 . 

p orcing, its Structure and manner of Action bo * 

——— lifting, its Parts and Performance explained 59 on 

—— {ucking, its Structure and Uſe 50—53 A 

Spe 
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Rain proceeds from exhal'd Vapours collected and condenſed bro 
296—312 

—  —— the Quantity falling in ſundry Places F 297 — 

its Advantages over other Water in Vegetation 288 * 

Reflexion, the Angle equal to that of Incidence 356 8 

——-—— of the Winds from Eminencies 262 i ** 

Repellency of Steam 66, 304 Str 

Repulfion and Attraction one probable Cauſe of Fermentation ge 
274 

Reſervoirs natural may be found in the Earth, particularly in tea. 
11 | 0 
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1 U 
Reſiſtance of Fluids proceeds rather from the Inactivity or uu 


inertiæ of Matter, than its Tenacity age 108 
Reſpiration, how performed 210—214 
Rocket, the Caule of its Riſe in the Air accounted for 16 
Rooms, the Circulation of warm Air promoted thro' them 246 
Running of Water from a Head, the Quantity 81 
— thro* Holes bored $3—86 
— — thro" Jets 110 

8 
Saint Helena abundant in Vapours 299 
St. Thomas the ſame 314 
Sanguification, the Manner of it deſcribed 209 
Sap, its Riſe in "or accounted for 227—230 
tpetre generates Air in plen 28 
Salts fu in Water, nut — Slime and Mud — 
volatile of the alkaline Kind 2 
debeuchxer's Experiments on the Barometer at different Almen 
from the Earth's Surface 161 
Sea-breezes, how to be accounted for 256, 306 
Service the Winds are of 270 
Ship, its Leak, when ſmall, how diſcovered 337 
Smoke, the Cauſe of its Aſcent in Air 115 
Jack, its Structure and Performance 245 
Snow, what 324 
the Cauſe of its Whiteneſs ibid. 
Sound in general conſidered 325—35 
its Motion 320—32 
— moves not Flame 326 
— — the Cauſe thereof 377 
its Manner of Propagation ibid. 
its Intenſity depends on the Denſity of the Air 328 
=— when to be heard at great Diſtances ; 349 
Speaking-trumpet, what 346 
Specific Gravity, what 116 
— — — of certain Fluids 33 
— of Bodies in general 116 
— how found 122, 132—144 


— — Ward's Table thereof, in ſeveral Subjects 142 
Spring of the Air, ſee Elaſticity 


— Tides, their natural Cauſe 367 
Springs, their Source and Origin 314—31 
— ——— their conſtant Supply accounted for 24 
Sticks defined x 


Steelyards, the Principle whereon they act en 2 
Steam drives away Air and other Fluids by its Repellency 66, 
. 304 


Steam, 
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Steam, the Uſe in dtying inflammable Bodies Page 55 
— expref | * 
Strings, ſtretchꝰd to the Notes in Muſick 

how acted on by a Stroke 430, + 
vibrating in equal Times, the Conſequence 335 
Subtle Matter of the Carioſant mentioned 5 
Sucking-pump, its Structure and Execution 50—54 
Suction by Machines explained 47 
— —— What is to be underſtood by the Word 48 
by an Animal, how performed 215 
Sun, one principal Cauſe of the Evaporation of Fluids 243, 

2 
—— attrats the Earth and Fluids 2 
Surfaces circular diminiſh in Proportion to the Squares of their 
Diameters * 301 

Syphons, the Riſe of Fluids therein explained 3— 
artificially diſguiſed 39 
natural 40—43 
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Table of the Expence of Water, at any Depth leſs than fifty two 
Feet 83 
of the Riſe of Jets from Reſervoirs of any Height under 
an hundred Feet 110 


of the fit Sizes for Adjutages of Jets, and Pipes of Con- 
duct 112 


of the ſpeciſick Gravity of certain Bodies, by Mr. Ward 


x 142 
Tantalu,'s Cup, what = 
Tarantula, its Bite recovered by Muſick 341 _ 
Tempeſts, ſee Winds 
Tendons what, and their Uſe 192 
Thermometer, its Structure and Uſe 229 

by whom invented 232 
St. Thomas mentioned 314 
Thunder what, and the natural Cauſes thereof 28 
when attended with Danger bs 28 
and Lightning more f equent in certain Seaſons 292 
Tides, the general Cauſe of them affigned 357, Ee. 
——— their Phanomena accounted for 357—374 
— higheſt in February and Ofober 0 
Timber heavier than Water, when throughly ſoaked 221 
Time of Bodies fall in a certain Proportion to their Deſcent . 93 
Tones muſical, their Difference | 33—330 
Torricellius, Diſcoverer in part of the Quantity of the Av Prei- 
ſure 150 
Tornado's, moſt frequent, where —— 
Torpedo its numbing Quality, whence 198 
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Trumpet, ſpeaking, its Deſcription. Page 346 
Tube auricular, how conſtructed 3 
Dae bell in Derbyfbire, Cotton's Account of it 42 - 
V 
Vacuities in Fluids proved - by their taking in Quantities of 
Salts, &c. 
Vacuum proved, and the Objections of the Cartefiazs refuted 
Nature's Abhorrence of it exploded A 48 
Valves, their Uſe in Pump- work explained 51 
Variability of the Winds generally, whence 258 
Vapours exhaled by the Sun 243, 297 
their Aſcent, Progreſs and Condition to their —.— 
296—312 
— their Quantity and Circulation accounted for , bid. 
riſe more plentifully in gleaming Weather 298 
hang about the Surface of Waters at ſome Times ibid. 
Vegetables, the Riſe of their Sap accounted for 227—230 
—— formed from Water 312 
Veins, their Uſe and Figure 207 
Viſuvius, the Cauſe of its Erruptions 282 
Vibration of the Lightning, whence 283 
of the Subce bring deſcribed 330 
of Bells and other Subjects 336—338 
Vis inertiæ of Matter, what 104 
the Quantity of its Reſiſtance given 108 
Uniſon, what 33 5 
how made to ſound 3 
Strings, their conſonant tremulous Motion e 
in vacuo Will not ſound or move 33 
Unwholeſome Air, whence 278 
Voice, how magnified by the Speaking - trum 347 
how far it will glide over a ſmooth Surface in a Calm, 
and be audible 349 
Volatile Salts of the alkaline Kind 27 
Volcano's accounted for - 282 
w 
Ward's Table of ſpecific Gravities | 142 - 
Warm Air diſſolves more Water than cold 241 
Water defined ; 124 
when light, moſt whole ſome ibid. 
—— how in part to judge of its Tenacity | 4+ 
ho far it exceeds that of Mercury 4 
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Water riſes to its own Level in Pipes, without Force applied 


Page 21 

ij contained in Air, and imbibed by it 241 

to what D it may be dilated by Heat 1243 

its primary Particles, impenetrable Solids. : 
———— its proportionable Weight to that of Air 


— to compute the Quantity thereof, rind in Vapoun 
311 
is Expencs thro' Jets and other Openings a $8, 


— the Cauſe of its Aſcent in Syphons explained % 
in Pumps 7---50 

— rais'd by the Fire-Engine g+=-70 

nid by a Multiplying-wheel 7275 


— — — gravitates in Water 
— 2 Pint, in certain Circumſtances, may be made to Doo 


as much as ſeveral Gallons 2429 
— Clock, 11 114 
—— Pojze or Hydrometer, its Structure and Uſe 122 
— Spout, a Deſcription of it 267---268 


-——— ſuſpended in the Air, a Difficulty among Naturaliſts 299 
———— abſorbed by, and contained in the Air in Plenty 240 


tue Origin of all the Productions of the Earth 312 

Works, whence proceed Obſtructions therein 86 

—2 heterogeneous luid 313 
Weather-glaſs, ſee Barometer 

8 thereb 167 

— ht of the Air, ſee 

Whiſpering· places, their Structure and manner of Performance 

0 

Whirlwind, what and whence - 

Wholeſomneſs of Air, whence 278 

Will-o'-Wiſp, — — =_ 1 n 292 

Winds, one principal Cauſe o vaporation o 297 

their Origin and Progreſs 241-244, 253-270 

their Uſe and Importance 270 

their Cauſe, when moſt regular 253 

the Cauſes of their — — ow Irregularity 257 

tee Time of their chief V ö 8 


eempeſtuous, whence 


blow from the Places where the Storm is the moſt dike 


env way 308 
— ore — «me | p — 
—— Contrary, deſtroy each others Force 2 
— their ordinary Velocity ibid. 


Wind Eaſt, how ſucceſſively — in the torrid Zone 253 
— Store, the Manner wherein it ſucceeds ; . 
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Wind-gun, in what Manner it throws out a Bullet Page'216 
m— nick, how performed 344—346 
Wines wholſome when lighteſt 124 
Wood-work, the Cauſe of its ſwelling in moiſt Weather 239 


ſinks in Water, when its Pores are full of it 233 
———— Will not be buoyed up in Water under certain Circum- 


ſtances 29 
* b 
Yawning attempted to be accounted for 338 
e 
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